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^ PART L 

^ NATURAL HISTORY OF ANIMALS. 



PEEFAOK 



Before tbe Englisli translation of the "First Steps in 
Scientific Knowledge" appeared, five hundred thousand 
copies of the original had been sold in France within three 
years. Immediately after the appearance of the first English 
edition a second was called for, and the American publishers 
feel confident that the success of the American edition will 
not be less than that of the foreign. 

The American editor has made in the excellent translation 
of Madame Bert only such changes and additions as were 
necessary to Americanize the book, and adapt it to the 
requirements of public and private schools as well as to 
home instruction in this country. 

The Natural History has been slightly enlarged by the 
introduction of several American species, omitted in the 
original and in the English edition, and a few inaccuracies 
concerning other species met with in the United States have 
been corrected. 



PREFACE TO THE FRENCH EDITION. 



The French Oonyentiom, which takes cognizance of and establisheB the 
whole scheme and all the working details of the system of primary educa- 
tion, has instituted competitive trials for the purpose of obtaining good 
elementary text-books for schools of the fii9t grade. M. Lakanal, one of the 
appointed Judges in the competition, upon one occasion complained vigor- 
ously that authors had not understood the real purposes of this examination. 
He says, " The persons who have taken part in this trial have very generally 
made the mistake of confounding abridgments with elementary treatises. 
To cut down, to compress the substance of a large book, that is what I call 
abridgment. But a good elementary work is one which presents the seeds 
or germs of knowledge, one whose light is the dawning of the tull day of 
scientific thought It would be an easy matter to abridge a history like that 
of M6zerai, yet it might tax the powers of a Ck)ndillac to give us a good 
exhibit of Uie elements of history. An abridgment, then, is exactly the 
opposite of an elementary treatise." 

It is my greatest desire that this work shall not merit the above criticism. 
I have tried to make an elementary treatise, and not an abridgment In 
each science discussed the dominant and fundamental facts are set forth 
with sufficient detail to make them attract the attention of the pupil and 
make a definite impression on his mind, and thus to fiisten the essential facts 
of science firmly in the memory. Facts of secondary and minor imi>ortance 
have been studiously avoided, and I have especially shunned the temptation 
—frequently a strong one— of trying to present practical applications of the 
principles laid down, such as may seem interesting to a teacher, yet are 
almost certain not to be Ailly comprehended by the average pupil. 

The method chosen is that of a simple colloquy or dialogue. The teacher 
talks as he would do in the class, and is from, time to time interrupted by the 
questions or refiections of his older and more advanced pupils, sometimes by 
their statements of apparent difficulties. I have tried to make each lesson 
move along with life and spirit 

The present manual is especially and intentionally adapted for the use of 
such schools of the lower grades as are scarcely, if at all, provided with 
scientific apparatus or with natural history collections. 

The necessary illustrative materials can be obtained at the proper season 
of the year, almost without cost, in any part of the country, no matter how 
remote. The household, or at most the nearest country store, will fUmish 
the very little material needed above what the teacher can collect in the 
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Vlll PREFACE TO THE FRENCH EDITION. 

field or by the waynside; for iUustratiYe experiments and examples are, 
above all things, needfUl to give reality and force to the lessons here pre- 
sented. 

The earnest and well-qualified teacher can often extemporize an illustra- 
tion or experiment which will fix a principle of science uix)n the minds of a 
class 9{ young pupils. He cannot fail to find everywhere an abundance of 
plants, animals, or minerals which will serve as usefcd illustrations of what 
he is trying to teach. The children will find much pleasure in their hours 
of recreation in collecting materials for their little school-museum, especially 
if the name of the donor of each object be recorded upon it or be entered 
in a suitable catalogue. This principle is well recognized in many of the 
higher schools of scientific instruction. Every teacher of natural history 
can recall collections, obtained always at great cost, which for that reason 
have been treated with too great respect to permit them to be useful ; since a 
natural-history object, if used in the class-room, is sure to become handled 
and very likely to be broken. For this reason, if for no other, the teacher 
should prefer a home-collected and inexpensive museum to a purchased one. 

It is by no means professional enthusiasm alone which has induced the 
writer to assign so high a place to the natural and physical sciences as a 
means of mental development, especially in the earlier years of the educa- 
tional course. The rules of grammar and the salient facts of history are 
doubtless indispensable fiictors in a complete education ; but abstract gram- 
matical rules, even if they be committed to memory, can take no place in 
the life and spirit of a child. And who can imagine that a pupil in a primary 
school can grasp philosophically the causes and relationships which inter- 
link the facts of history ? 

Far otherwise is it with the facts of natural science, the observation of 
which trains the senses and cultivates the habit of just discrimination and 
thoroughness of obser/ation,— a habit which soon becomes an instinct. The 
physical sciences go a step farther: they make use of observation, but they 
call to its aid experimentation, and they also compel us to form the habit of 
accepting nothing as scientific and correct unless some convincing proof at 
once follows its affirmation. 

Ideas of the universality and unceasing oi>eration of the laws of nature, of 
the r^^larity and harmony of natural phenomena, of the continuity and 
oneness of all the facts of science, must result, it is almost needless to say, 
from the study of the natural and physical sciences, and cannot fail to take 
possession of the pupil's mind. There is no room left for any belief in sor^ 
eery and the like superstitious follies ; and the whole change will be accom- 
plished with no discussion, with no opposition. I may here be permitted to 
repeat words which I used not long ago at the opening of the Alsatian school : 
"Science alone can impart freedom from credulity without teaching that 
scepticism which is the suicide of the reason." It will be for me a source 
of great pleasure and satisflsiction if I shall have succeeded, by means of this 
little book, in developing in the minds of children that soundness of judg- 
ment which, in my opinion, scientific studies can do so much to establish. 

Paul Bbbt. 
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NATURAL HISTORY. 



L-ANIMALS. 

DIVISIONS OF THE ANIMAL KINGDOM. 

1. Classifloation. — ^The study we intend to pursue together 
18 Natural History^ and we will begin with the most inter- 
esting part of this science, and that with which you are 
already best acquainted, — namely, the natural history of 

ANIMALS. 

Animals, I am sure, interest you more than plants, and 
much more than stones. For animals grow, and move about; 
they feel, and show that they have will ; they live and they 
die. Plants also live, and grow, and die; but they never 
move out of their place, and they feel neither blows nor 
caresses. As for stones, they do not move about, nor do they 
die, and they remain forever unchanged, if nothing displaces 
or alters them. 

You already knew all this, and you are, moreover, aware 
that aniTnals are exceedingly varied in shape as well as in 
size. A whale, a fly, an elephant, a sparrow, a tiger, a snail, 
a beetle, a spider, an earth-worm, are animals that widely 
differ from one another, and you have all certainly heard 
about them. Their history no doubt interests you, and you 
like to learn what services they may be able to yield us, or 
with what dangers they menace mankind. 

This is not all : you are also aware that we ourselves in 
many respects resemble some animals, especially as regards 
our internal construction. You know that you have a Jieart 
beating in your breast, that you have Inn^s with which you 
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8 ANIMALS. 

breathe, a stomach and intestines that digest the food, eyes 
that see, and ears that hear. And if you have ever hap- 
pened to look at a butcher's stall, or to have seen any one 
prepare a rabbit for cooking, you know that the ox, the 
sheep, the pig, the rabbit, and many other animals have 
an internal arrangement more or less similar to our own. 
Thus in studying animals pretty closely we study ourselves, 
and you can all easily conceive how very interesting this 
must be. 

But the first difficulty that presents itself is, to select a 
part of our wide and interesting subject with which to be- 
gin ; and I have no doubt you would feel yourselves some 
what at a loss were you left alone to decide this. In the 
course of the years since you were quite little children, 
you have learned a great many things about animals; your 
reading-books, story-books, and picture-books have given you 
useful and attractive information on the same subject. 

You all know, as well as I do, that the lion is a great 
African animal that kills and devours oxen and even men, 
and that the ostrich is a large bird that lives in the African 
desert ; and you may have pretty correct notions about sharks, 
rattlesnakes, humming-birds, crocodiles, camels, and so on. 
Now that you have grown older, you must give up studying 
all these things at random, and arrange all your notions of 
animals in proper order, for this is the only way to remember 
what we learn, and to be able to profit by it. We shall com- 
plete our knowledge as we go along. 

For this purpose we must not study animals one after 
another, without method. We must follow out what natu' 
ralists call a classification, and group together the animals 
that have the greatest resemblance to one another, so as to 
avoid having to repeat for each of them that which they all 
have in common. Thus, we shall put all the birds side by 
side, and say once for all that they have a beak, wings, 
and feathers. 

But it is no easy matter to make a good classification. 
One must know exactly in what respects animals resemble 
one another, also what differences exist between them, and 
this requires attentive examination without and within. 



CLASSIFICATION. 9 

2. Animals that have Bones and Animals that have no 
Bones. — Can you tell me what differenoes there are between 
a horse and a fly? I see the question makes you laugh. 
But that is not a sufficient answer ; try to tell me. — ^^ Well, 
a horse is a very large animal, and a fly is very small." 
— ^That's true ; but here is a wood-cut which shows you a fly 
magnified, and another in which a horse is represented very 
small. You would never take the one for the other, notwith- 
standing the size. Do you see nothing else ? — ^^ A fly has 
wingBy and a horse has none." — ^Ah ! that is better: but sup- 
pose some accident had deprived the poor fly of its wings, 
would it then be quite like a horse ? Of course not. What 
other difference could you find? — ^^^ A horse is covered with 
hair, and a fly has none." — ^Are you sure of that? Catch 
a fly and look at it with this magnifying-glass. See, its body 
is covered with hairs. True, they are very small, but yet they 
exist. I see you have something to say. — "A fly has fix 
legs, and a horse has but four.^^ — Ah I that's a good obser- 
vation, and will hereafter prove useful. But suppose the fly 
had lost, along with its wings, two of its legs : what then ? 
Can you find no other difference ? No, say you ? Ah 1 there 
are many nevertheless, and very great ones too. 

Can we crush a fly ? Oh, yes, very easily, and nothing 
remains but the external parts, — ^the i^in, the legs, and the 
wings. Could we do the same with a horse ? I know very 
well that we have not in ourselves sufficient strength. But 
suppose a house were to fall on it, would it thereby be 
crushed and reduced to a sort of pulp, as would happen with 
the fly ? No ; and why ? Because the horse has inside its 
body hard parts, hones that cannot he crushed, whilst the fly 
has none, not even very tiny ones. The horse, then, is an ani- 
mal THAT HAS BONES, its body is supported by a skeleton, 
as we call the whole of the bony frame ; the fly is an animal 

THAT HAS NO BONES. 

Another difference of no less importance. Were a fly to 
be pricked, a drop of colorless liquid would come from the 
wound. But if a horse be pricked, what will flow from his 

What fhDdamental difference ia there between a horse and a fly ? In what other 
rapecta do they differ? 
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10 ANIMALS. 

wound ? All ! I see you all know tHat: hhod! Tes, blood, 
a red liquid, very curious to examine, as we will do hereafter. 
So animals thai have bones have also real bloody red blood. 
This is another important point. 

8. Vertebrates. — ^Besides the horse, do you know any 
other animals having a skeleton and red blood ? — " Oh, yes I 
the caty the do^, the piff, the ox, the rat, the hare" — You 
might add yourself to the list, don't you think so? Do 
you feel offended at being counted among animals? Yet 
it is quite correct to do so : we eat, we breathe, we are bom, 
we die, in the same way as animals do, and we are fash- 
ioned just like animals with blood and bones. This in no 
wise diminishes our moral superiority, however ; for though 
we live and breathe no better than animals, we think very 
much more and better than they. So there is nothing shock- 
ing or offensive in the fact. 

But let us return to our subject. I must say, you have 
displayed but little imagination in searching out your ex- 
amples. All the animals you have mentioned are very like 
one another, for they are all four-footed, and are clad in hair, 
or fur. They are hair- or fur-clad qwadrwpeds. Do you re- 
member any others that have blood and bones ? — ^^ Yes, the 
birds." — Very well. Any others ? — " Fishes" — Any others 
still ? — " Serpents, frogs, lizards." — Quite right. And what 
general name is given to these three last ? — " Reptiles^ — 
That's right. We shall come back to this in a little while. 

So, Quadrupeds B (Fig. 1), Birds C, Reptiles D, Fishes 
E, may be clawed together as having bones and red blood. 
They all come under the general name of Yertebrata, be- 
cause among the bones of the body a certain number, called 
vertebrse, form the spine or backbone, from F to G, whence the 
name of vertebral or spinal column given to the whole series 
of those vertebrae. You may easily feel them under the 
skin, all along the back. Some vertebrates have no limbs, 
like serpents D, the vertebral or spinal column, together with 

In what animals do we find red blood ? Name some animals formed with bones 
and hating red bluod and in some respects resembling a horse. Name some other 
animals quite difTerent from the horse, but that resemble one another in having 
bones and blood. Under what common name are all these animals ranked? Why 7 
What peculiarities does the skeleton of the serpent present? 
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the head (or, properly speaking, with the tlaiS, a name given 
to the bones of the head taken as a. whole), forming, in theii 
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case, all the skeleton ; but almost all vertebrates hare limbs. 
We will contiune this part of our study some other time. 

i. AnnitU ta — We will now pass on to those animals that 
have neUker boneg nor red blood, and that are called mverte- 
braUt, to distinguish them from the others. 

We have already spoken about Ihejl^, that has two wings 
and six feet. Do you know any other creature you might 
class along with it? Shall we say a beetle (Fig. 2) ? Yes, 
evidently. How many wings has a beetle ? — " Four." — How 
many feet?—" iSus." — Very good. Mention another. — "Abut- 
terfiy (Fig. 3). — It has also four wings and »x feet." — " A 
dro^onffiy (Fig. 4) has also four wings and mx feet." — Quite 
right. That's enough for the present. AH these siX'Jboted 
treaturet are called Insects. 

Wbct nuns !• glnn to uliuli tlmt IwTa nsJtfaar banei nor red blood ! Wbj r 



Now let uB caUih & Spider (Fig. 5). It is very like s 
ioBeCt, but it runs upoa eight feet. 



-Dnwon-Bj (In- 



Iia. 2.— Beetle {iDHCt}, Flo. 3.— BnttSTflji {rri- tin. *•• 
S feet Mct), B f»t. u 

This MlLL£PED (Fig. 6) has at least twenty pairs of feet. 
If you look closely at all these animals, you will see that their 
bodies are composed of a series of binqs strung together as it 
were, and working upon one another : they are said to be 



no. 5.— Spldsr, m, e.^llli^icd, ao pain 

e feat. of rest 

artKidated the one on the other. The %oood4tm»e (Fig. 7) 
is also composed of a succession of rings. 

The craff/Uh (Fig. 8), also, belongs to this group, bat the 
rings that form its body are hard and crusty. It is therefore 
called a Cbustaceaj* (from the Latin cmgta, a crust). 

Here, now, is an earth^toorm (Fig. 9), and here a leech (Fig. 
10). Thev also have rings; but the head ia not distinct 
ftom the body, neither have they feet; their skin is not 



Le cnjflih ! To vbftt gronp da the evth.wi 



RADIATES. 



13 



leathery like that of insects, nor stony and hard like that of 
a crayfish. They come under the general name of Worms. 





Fig. 8. — Fresh-water 
Crayfish (crustacean). 



FiQ. 9. — Earth-worm 
(worm). 



Fio. 10. 
Leech (worm). 



Insects, Sliders, MiHepeds, Crustaceans, and Worms are 
often designated by the general name of Annulata (from 
the Latin annvlus, I'^i^g)) because their bodies all seem to be 
composed of rings. 

5. Hollusks. — Look at this slug (Fig. 11); it is quite 
naked, soft, and pulpy ; and at this snmt (Fig. 12), which is 
quite as naked and pulpy, although it has been clever enough 
to make for itself a shell that protects it, and wherein it finds 





Fio. 11. — Slug 
(moUnsk). 



Fig. 12. — Snail 
(moUusk). 



Fio. 13. — Mussel 
(mollusk). 



shelter ; see this mussel (Fig. 13), whose body is protected 
between two shells. In these animals no traces of ring-shaped 
divisions are to he found: therefore they are not annulates. 
They have neither bones nor red blood: so they cannx)t be 
vertebrates. The name given to them is Mollusks. 

6. Badiates. — Lastly, here are two illustrations. The one 
represents an animal which is very common on the sea-shore, 
and which bears the characteristic name of star-fish (Fig. 14). 

Enumerate these different groups. What common name is sometimes giren to 
them ? What are the characteristics that distinguish snails, etc., from annulates and 
vertebrates? By what name are they designated? 
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The other (Fig. 15) is a much enlarged pictare of a tin; 
creature that lives in colonies formed by couDtleas Dambers 
of little beings similar to the one figured here ; these minute 
animala, called polypi, form around themselves a sort of slimy 
stony sheath, and the union of all those sheaths constitutes 
what is called a-polypary; these polyparies often attain great 
dimensions, and form rocks, reefs, and even islands ; coral and 
sponges are produced by polypi. These animals, although, 
as we shall see later, belonging to two widely different groups, 
have a central mouth, and so differ from all those which we 
have hitherto considered ; as the body is produced into a series 
of rays which surround this mouth, lie term Radiates is often 
applied to these similarly-constructed animals. 




This is, then, the basis of a classification of what has been 
called the Animal Kingdom. There are, as we have seen, 
four great grouM: 1. Vertebbates; 2. Annulates; 3. 
MOLLUEKS ; 4. Eadiatbs. The best thing we can now do 
is to study these different groups, each in its turn, considering 
briefly the principal animals comprised therein. 



1. OBnaralltlai (p. T).— An animal grows, mores about, feels, lires, and 

S, A plaBi gnXFB, lives, and dies, but does not moTs out of its plane, and 
■haws no sign of feeling. 

8. A Biintral remains UDnhanged unless displaoed, braken, or altered hj 






w betwtpnaKii.(tiirandapii1jpet WhHl miu Is g<T* 
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4. The kniinal kingdom oompiiaeB four great groups : VebtEBR1tb8, An. 

MIILATI3, HOLLDBKB, BaDIATEB. 

f . Tertebrkt«l <p. 10). — B; this mune kre deaignated all animus that 
baTfl bonet, or what is sailed a ikeklon ; a hone i> a vertebratt. 

6> The Dame vtrtebrale is baaed apon the Taot that among the boae* 
of these animoli tbosa that Ibnn the spinal oolumn are i»tled vertebra. 

T. The vertebrates are tbe on'y animals that hara red blood. 

B. AnnnUIai (p. 11].— The annulala (insects, spiders, millepedi, onia- 
taeeftns, worms) are animals that bare neither ion« nor red iload, and 
whose iMdies sre formed by a series of niSQg j uxtapoeed, and that plar on 
one another. A wood-loiuK is an annulate. 

9. KoUniki (p. 13).— Tbe noliuela hare neither bont; red hlood, nor 
n"M.. Their body is SOFT and PDLPT, sometimes bidden in a shell. A 
nail ii a no^Hi. 

10. B«diat««.— Certain animals oi 



I-VERTEBRATES. 

The Vertebrates, as we bave already said, are animals 
thai have BONES and red blood. They are divided into 
several great olaaaes; Mammalia, Birth, Reptika, Ampkib- 
ian», and Fitke». 

7, Kanunalla. — There are, in the first place, Qaadrupedt, 
which are four-footed animals, covered with hair or fur. As 
they Qouriah their young with milk, the name Mammalia 




Rliem). 4 feet (Qiisdnipeds), o 

(Kg. 16) has been given to them, mamma being the Latin 
name of the udder, or organ that givet milk. 
8. Birdl. — Tell me what characterizes Birds (Fig. IT). 

nrlH arcTheT'dMiM, snd what are Ihej) Whkb nmnp nnki nrM among tha 
V«rtabtBt«t Whj is the nanu Mwiiiiulla liieo Hi itr What cbatactMiH* tha 
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What do they all possess ? — " You told us that a little while 
ago. Birds have a beak, wings, feathers, and only two 
feet." — Quite right. 

9. Warm-Blooded and Cold-Blooded Animals.— Can you 
mention what are the characters common to all Reptiles ? 
I see this question perplexes you. And no wonder, for 
the lizard has four feet, the serpent has none whatever,' and 
the tortoise lives shut up as it were in a box forming a sort 
of house. All these animals differ widely in appearance 
from one another, and yet they all come under the name of 

Eeptiles. We must find out the rea- 
son why they are all put together in 
the same group. Come, try; I shall 
help you. 

When you put your hand on a dog 
or on a horse, do you feel it to be cold 
or warm ? — " TTarm." — ^Yes ; and when 

''R^p«T;:^'S?w'?w^ed you lay hold of a bird, a hen, for in- 
animals, mostly living on stance, do you feel it to be Warm or 
*?.!J?wi'toS!ll-»lai^ cold?—" F«»y warm."— Quite so. Now 

if you take a lizard in your hand, or a 
serpent. — ^^ Oh ! a serpent I I should never dare ; it would 
bite me, and people die of a serpent's bite." — Don't be afraid ; 
I would never advise you to touch a viper or a rattlesnake, but 
here is a pretty little garter-sfiiake (Fig. 18), quite harmless. 
Put your hand bravely upon it : you run no risk. What do 
you feel? — ^'^ It is quite cold." — And this frog? — "Cold 
also." — And this goldfish that I have just taken for a moment 
out of its globe? — " Cold, like the serpent and the frog, ^^ 

Here is, then, a new and very great difference that exists 
among animals. There are animals whose hhod is warm, : 
Mammalia and Birds. Others have cold blood, those are the 
Reptiles ; and along with them Amphibians, which will come 
under our notice in a little while, Fishes, and also all animals 
without bone or vertebrae (Annulates, MoUusks, Radiates), 
the Invertebrates, as they are often called. 

Name some animals that belong to the Reptile group. Is a garter-snake warm oi 
cold t«i the touch? What groups form the class of warm-blooded animals? What 
groups foim the class of cold-blooded animals? 
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10. Beptil«a, Amphibians, Fiabet.^Rqjiiles, then, have 
eoid biood ; this is sufficient to distinguish tnem from mam- 
malia and birds. It remains to be Been 
what distinguishes them from fishes 
(Fig. 19). What difference do you see i 
between them ?— " Fisheg live in water, 
and reptHet live on the earth." — Very 
well ; or, to use more scientific terms, 
we say reptiles are aeriitl animals, that 
means animals living in air; while ^^ lo—veHab im— » 
fishes are aquatic animals (from the tWiti. Coid-biindoi no- 
UUn a^, ,.te,). ^^ri-f-E!" 

Uur reasoning does not seem to 
satisfy some of you. What have you to object to it? — 
" Please, where will you class 
the froff (Fig. 20) ? It lives 
half in the air, half in the 
water. It is half fish half 
reptile." — Quite so, and your 
observation is sharp enough ; 
but you make a mistake. The 
fr<^ does not live half in water, 
it lives Ml air only. True, it 
jumps into the water on the 
least alarm, and there hides; 
Inil were it jwI to come to the 
tar/ace, and to pvt at least the 
point of it» nose above the -water 
i» a$ to be able to breathe air, it would be drowned. Some 
men are able to remain with their heads under water 
for two minutes without being asphyxiated, that is to 
Bay, suffocated ; as for the frog, it can remain much 
longer, but not above an hour, except during the cold winter 
season, when the frogs become torpid, and seem quite dead. 
So you see the frog is an aerial animal, like the Hsard 
and the serpent. The frog, however, has not been thus all 

Vhit dlir«re>K» i> tliere between repllln, mid-blooded anliiiilB, niid flsbiH Hiat 
iluhiiecuia bloodl Wb;«niiut1h» ftvg be nuked anioDg flahsil 
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its life. When young it was a tadpole, as you all know ; it 
then lived continually in the wcUer, and was an a^qtiutic ani- 
mal. So here is an animal which when quite young was 
amuitic, and which has become aerial after having undergone 
what is called its metamorphosis or transformation. For it 
and its allies, the toads, salamanders, newts, a group has been 
formed, called the Amphibians, which signifies dottle life. 

Still another difierence exists between Amphibians and 
Reptiles. Examine the skin of the frog, it is moist and 
nearly smooth; now look at that of the snake : is it smooth 
also ? — " No, it is quite covered over with scales" — Like that 
of a fish ? — ^^ Yes." — Look again : you have made a mistake. 
See, the scales of the goldfish are quite distinct and separate, 
so that were it handled too roughly, one or more might be 
wrenched out, just as a hair might be pulled from your head 
or a feather from a bird. This is impossible with the scales 
of the snake ; what you take for scales are merely folds o/* 
the shin : they are called false scales. 

Let us now review briefly. Reptiles are aerial animals ; 
their skin is covered with false scales. Amphibians are 
aquatic animals in their youth, and aerial when fully devel- 
oped ; their skin is bare. Fishes are aquatic animals ; their 
skin is covered with real scales, distinct the one from the 
other. 

SUMMARY.— VERTEBRATES. 

1. DiyiBion of Yertebratei (p. 15).— Vertebrates are divided into 
several important categories, — namely, Mammalia, Bird*, ReptileSf Am^ 
phxhiana, and Fiahea, 

2. Warm-Blooded AnimaU (p. 16).— The mammalia are hair-clad, and 
give milk to their young. 

8. Birds have a bill or beak, wings, feathers, and two feet. 

4. Mammalia and Birds have warm blood, 

6. Cold-Blooded Animals (p. 17). — Rbptilbs have cold blood, their skin 
is covered with false scales. 

6. Amphibians have cold blood, their skin is bare. When young they 
live in water and are aquatic. When full grown they breathe air, and 
are obliged to come to the surface for this reason : they are then aerial 
animals. 

What was its mode of existence when it was a tadpole ? What deductioD do you 
draw from this fact? What group has been formed for animals of the same kind as 
the fh>g7 What are the characteristics of reptiles? What are those of the am- 
phibians? What are those of fish ? 
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Y. From this double life they take their name of Ampkibian$, a word 
signifying double life. 

8. Fishes have oold blood, are aquatic Their skin is oovered with real 
tealee, distinct from one another. 

[Easy subjects for composition may be found at page 83.] 

1. Mammalia. 

11. Kankind. — ^We will begin the study of Mammalia with 
mankind; for man belongs to that class. 

I willingly allow that man would have well merited a par- 
ticular division, all for himself, so great is his superiority over 
all the other members of the group. But let us for a moment 
forget our intellectual faculties, and consider only our body : 
in this case we cannot but confess that we have no little re- 
semblance to monkeys. 

We walk upright, however, and stand erect on our two legs, 
and that monkeys cannot do ; we have strong and yet delicate 
hands, with which, on account of the existence and position 
of the thumb, we can grasp firmly or feel nicely. Our body 
is almost bare, except the head and part of the face. 

All the members of the human family who live dispersed 
over the surface of the globe are not exactly similar to the 
men of this country. Even here among our acquaintances 
there are fair people and dark people, different from each 
other in feature as well as in complexion. A big fair-haired 
native of Denmark and a little dark Italian resemble each 
other still less. But all the populations of Europe have a 
WHITISH skin, as we have (Fig. 21), regular features, a straight 
nose, well-poised jaws, and smooth but silky and sometimes 
wavy hair. Chinese (Fig. 22) have a yellowish skin ; their 
hair is smooth, black, and rough ; their eyes are obliquely set, 
their teeth prominent. Negroes (Fig. 23) have a black skin, 
fiizzled woolly hair, very prominent jaws, and a broad, flat- 
tened-out nose. The North American Indians (Fig. 24) 
somewhat resemble the yellow race, only the men are taller 
and stronger, and their skin has a reddish tint. There 
are also many other races of less numerical importance or 

Wliat are the principal races among men? 



lees easily defined. We will for the time being take notice 
only of the while race of Europe, the yeVov> race of Asia, 



no. 21.— White noi (Europe). Fia. 22.— Tsllow not lAil*}. 

the black race of Africa, and the red race of America. Only 
you must know that white men, being more intelligent, more 



Fio. 23.- NegTO nee (AMo). Tia..24.— Bed vce (Ansrica). 

industrioua, and more courageous than the others, have spread 
over the whole world, so that the inferior racea disappear w 
they are crowded out by the whites. 
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Moreover, the inferiority of Bome races of the hum&n 
family is very plain. For instance, the people of the ab- 
original race of Australia are of stunted stature, with blackish 
akin, straight black hair, and very small heads. They live in 
groups, and neither cultivate the ground Dor possess domestic 
animals except a sort of dog. Their intelligence is very 
limited. In other parts of the world there exist some tribes 
that do not even know how to make fire. 

12. Honkeya. — In the highest rank among monkeys or 
apea we must [tlace three great species much more intelli- 



Fiu. 2S.— Onng-antaDE Flo. SA.— doiilh Flu. 27.— Chlmruine 

(BomaoJ, (AMm). (Aftk.). 

gent than the others, and having closer resemblances to the 
human family. 

The moat anciently known of these lai^e monkeys is the 
orang-outang (Fig. 25), which lives in the forests of Borneo, 
and whose stature aometimes reaches the height of more than 
four feet. On the Gaboon coast and in Guinea the enormous 
gorilla (Fig. 26) is to be found. This powerful animal has 
been known to attain the height of six feet. The chiTnpan- 
zee (Fig. 27) also ia an inhabitant of these countries ; its 
height rarely goea beyond four feet. 

These animala have no tail ; they walk generally with the 
help of both feet and hands, putting only, however, the 
knuckles of these last to the ground ; sometimes they even 
stand almost erect tike a man. But, like all other monkeys, 
their great toe is like a real thumb, separated from the other 
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toes as our thumb is from our fingers ; this permite them to 
climb with the greatest ease ; they are able to seiie the 
branches of trecB with their feet aa well as with their hands. 
This is the reason why you will find that monkeys are often 
dewgnated by the name of Quadrumana (fonr-handed), whilst 
the name of Bimana (two-handed) is applied to man. 

These great monkeys live in small families, are extremely 
intelligent (of course I mean for animals), 
are easily tamed when caught young, 
and can be sometimes trdned to make 
themselves useful in household service 
on account of their size and their almost 
erect gait. 

The other species of monkeys are ex- 
tremely numerous. They live in the 
lio. 2s.— An AMoD Warm climat«s of both hemispheres, al- 
""^ "'' most always in countless troops, gay and 

noisy, always cUmbing, gambolling, and teasing one another 
in the forests, where they feed mainly upon fruit (Fig. 28). 
13. Bftts.^ — We shall now pass on to the Bal». I am sure 
that at first thought it astonishes you that I should class 
_ the Bats among Mammalia. Have 
S they not wings? I have no doubt 
f\ that the fact of their flying would 
d rather induce you to consider them 
L as birdi. 

p In order to give you proofs against 

B such an error, I caughtone lust night, 

by means of a light, and put it in 

'TJietaiTiS^'iiutii'^r'twik'T.M the school-room, leaving the window 

fHiiher. but iiM hur, ™re, open. Here it is, quite unharmed, 

iHMed uf iiie ekjn ur th? back under this glass Shade. Let us set 

'Jit^l^bT^Z^'i^i^^ to work and examine it (Fig. 29). 

Hon of iiiB finger- boo w.- In the first place, we see that its 

KgricDitnrs. ' body IS covered not with feathers, 

but with hair; moreover, its head is 

horned with a pair of fony earg, and certainly you never saw 

Wlul Dtuuc ii unen glnu tu mouliByil Why cannot tot* bg mnllad uunnt Urdil 



BATS. 23 

a bird have ears. To enable us to examine it more closely I 
will take it out of its prison ; only, for that purpose, I shall 
prudently, but without hurting it, make use of a pair of pin- 
cers. Why so ? Because it has very sharp teeth, and would 
be very ready to use them on my hands. You never heard 
of a bird's having teeth, did you ? Thus the bat has neither 
a beak nor feathers, while it is provided with teeth, long ears, 
and fur : it cannot, then, be a bird. 

And its wings? Ah I they also demand close examina- 
tion. See, I have spread one out completely. How different 
it is from a bird's wing I It has no feathers whatever ; it 
is composed of a thin membrane or film stretched out upon a 
bony frame and unfolding like a fan. The bones are in 
reality those of the fingers considerably lengthened out The 
membrane is double, and is formed by a prolongation of the 
skin of the back and that of the breast, which has become in 
that particular place very thin. This membrane extends from 
the arm to the tail, embracing this and the leg. It is cer- 
tainly a very odd kind of wing. 

Now, in order to see how our bat can use these strange 
wings, we will set it free. See, it flies away clumsily and 
heavily, and seems not to know where to direct its flight. 
Can you tell me why ? Of course you can. It is because 
the sun is bright, and the poor bat, which shuns light and 
never comes out of its corner until twilight, being what is 
called a nocturnal or night animal, is dazzled. Ah ! it has 
found the open window, and will now be able to go and hide 
itself in some dark hole or cellar. There, with its wings 
folded, it will suspend itself by its hind claws, and will sleep 
head downward all day long. In the evening it will wake 
up again, and go forth to hunt insects, among which it makes 
great havoc. So you see the poor little creature is a friend to 
gardeners and farmers, and deserves to be protected. Some 
foreign bats are fruit-eaters. 

During winter, bats remain in their holes, where they sleep 



What ia the difference between a bat*s wing and a bird's wing? What name ia 
ciTen to animals that, like the bat, avoid the light of day? What is the principal 
food of bats? What must we conclude fhim this? Why are bats said in winter 
to be in a dormant state ? 
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all througli the cold season, and need neither food nor drink. 
They are then in what is called a dormant or hibernating state, 

14. Insectivorous Animals. — Other mammalia, wingless 
this time, live upon insects : hence the name Inseciivora, or 
insect-eaters, sometimes given to them. They are all of small 
dimensions : you can easily understand that such food would 
scarcely he sufficient to keep alive large animals. 

One of the most noted of the insect-eaters is the hedgehog 
(Fig. 30), whose hair forms great spines, which serve it as 
defensive weapons when it rolls itself up in a hall ; it also is 
an animal that sleeps during winter, — a hihemating animal. 





Fio. 30. — Hedgehog. Instead of 
bair it has spines. It sleeps 
through the winter. 



Fig. 31. — Mole. It eats white worms 
or larvsB (and therefore should not 
be destroyed). 



The mole (Fig. 31), which with its strong broad feet hol- 
lows out underground galleries, is another example : it has 
extremely small eyes, which, like the openings of its ears, are 
hidden in its soft silky fur. It is a great mistake to destroy 
the mole, as people often do : it never eats the roots of plants, 
but swallows countless numbers of destructive larvae and 
worms that live deep down in the earth. 

The shrew mole, another insect-eater, is very like the com- 
mon mole, except that its nose is longer and sharper, and its 
well-whetted teeth are perfectly adapted to its mode of life, 
enabling the little creature to break open the thick and crusty 
carapace of insects. 

16. Carnivorous Animals. — We will now begin to study 
animals that live upon flesh, that devour mammals and birds 



What is meant by the word insectivorous? What is in general the size of in- 
sectivorous animals? Name some of these animals. Why should the mole not be 
destroyed? What name is given to flesh-eating animals? 
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alive. Those are the FeTVne, or eamivoroui ammah (from the 
Latin caro, camis, flesh, and vorare, to devour). 

The most perfect and complete type of the race, and the 
best fitted for the chase, is the Gat. Let ub, then, examine 
our good pussy, if sha will kindly allon us to do so. Look 
at her paw, iu the first place : see how it is armed with sharp 
cutting claws ; she well knows their value, and takes good 
care of them, for when not required they are withdrawn into 
the paw (Fig- 32), so that their points do not even touch the 
ground ; this keeps them always in good working order. The 
sharp point of the claw never comes out of its sheath ex- 
cept when the animal stretches out its toes to climb or to 
strike its prey (Fig. 33). Look at its mouth (Fig. 34) ; see 
on each side these long, strong, and pointed teeth that lay 
hold of the prey, and behind them those others, sharp and cat- 
ting, that play upon one another like the blades of a pair of 
scissors, tearing up the flesh. What weapons these are ! If 
a common oat can use them so as to do great harm, just 
think how a lion or a tiger might employ them. For the 
tiger and the lion are merely enormovt cats, able to treat a 
man as a cat treats a mouse. 

The moat formidable and fierce of the tribe, the t^ier 
(Fig. 35), with its beautifully-striped skin, is a native of 



I 



ria.Si.— Ctt'awwin Fra. 33.— Cafi paw Fio. 31.— EM'S nii 
npoM. ThKahu-p Jnat going to Etrike poinlsd teeth 



ceedingly bold and daring, and attacks man 



with mich ferocity that id 1875, iu British India alone, 917 
men fell a prey to tigers. 

The lion (Fig. 36), an inhabitant of Africa and of certain 



Tm. ae^-Uaa (AWa). 



regions of Asia, is less aggressive ; but it preys heavily upon 
wild and domestio aaimala. It baa been calculated that each 




lion in Algeria ooate the colony about four thousand dollars 
yearly. 

The beautifully-spotted leopard or panther (Fig. 37) very 
rarely attacks man. Several species of its kind are to be met 
with in Africa and in Asia. 

In Central and South America Hves the jayuar (Fig. 38), 
almost as big as the tiger, bnt not nearly so dangerous to 
mankind : its skin is covered with spots. The puma (Pig. 
39), whose grayish-brown skin is neither spotted nor atnped, 
bears also the name of the American lion, and it is oft«n called 
panther, for lUi babite much resemble those of the latter animal. 

The only animals of the oat kind in Europe are the wild-cat 
of the forests, supposed by some, to bo the ancestor of our 
oommoD domestic cat, and the Ij/nx (Fig. 40), which is still 
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met with on some high mouDtaina. A lai^ species of lynx, 
commont; called wr^d-eal, is fouad in the Northern United 
States and Canada. 



Ih and Sontb Amaiia>. 



Fio. «.— Ljni {Nor«b U. 8.) 




Next to the CaU come the Oog». Fig. 41 represents the 
dingo, or wild dog of Australia. The teeth of the dog family 
somewhat resemble those of cats ; but their claws are fixed, 
and cannot be drawn 
in like those of pussv. 
We have wolvet, which, 
though not very dan- 
gerous in America and 
Westeni Europe, are 
much to be feared ia 
Asia and in the east 
of Europe, where they 
live in great bands; in 
Rassia they devour, on an average, upward of ten millions 
of dollars' worth of cattle yearly. We have also the /ox 
(Fig. 42), a sly and clever hunter, that hollows out a home to 
dwell in. _r^,-:-' -„ 

In Algeria and in other parts of Afri- 
ca, also on all the Asiatic shores of the 
Mediterranean Sea, and even in Greece, 
lives a sort of little wolf, the jackal 
(Fig. 43), that makes great havoc among 
fowls and game. 

The hyenai (Via. 44) are African and 
Adatic animals -, tbey are big and strong, 
bat prefer dead bodies to live fiesh. They never attack man. 

Start ore to be found all over the world, except 



ID. 43.^lKkid (Afria). 
Ueitmctlve u> gUBt and 






and Australia. The common bear of our country is black. 
In Europe there is the brown bear (Pig. 45) ; it Uvea in the 




Tie. 44.— Hrens (AMa). 



Alps, in the Pyrenees, etc. ; these bears are not much to be 
dreaded by man, being of a peaceful disposition, for they pre- 
fer, like many of their relatives, fruit and honey to the flesh 
of flocks and herds. The white bear (Fig. 46), which is to be 
met with in Greenland and in all icy regions of the north, and 
the grizzly hear (Fig. 47), the most savage animal of West^ 



em North America, are not of bo accommodating a nature : 
tbey do not hesitate to attack man, and it is often extremely 
difficult to get out of their reach. The rcuxoon, is a member 
of the hear family, but, as you know, it is much smaller than 
the bear. 

The badger, a native of American and European forests 
(Fig. 48), has some points of resemblance to the bear : it is 
exceedingly fond of fruit, but by do means disdains to pay 
a visit to the poultry-yard. 

Great enemies of fowls and small game are the ferret 
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(Fig. 49), the marten (Fig. 50), the weasel, the i 




^ 



(Fig. 51), and the polecat (Fig. 52), all of which are long 
slender creatures, aommon in Amerioan and European for- 
esta. The lahle is a marten, and tlie skunk, which, like the 




polecat, has the power of producing a most unpleasant odor, 
IB a kind of woasel. The icolvererie of Canada, Siberia, and 
Northern Borope is a larger animal, and exceedingly vora- 
cious. It ia a great enemy of the hunter, for it steals their 
game from the traps. 

These animals are hunted by man, not only to panish their 
depredations, but also because their 
skin affords warm and beautiful I 
Jiir. The colder the country in which fc, 
an animal lives, the finer and thicker i 
is its fnr. In Canada and Siberia f. 
millions of ekins are sold yearly, and " 



8 the martens, ermiDCS, and sables 



that furnish the greater part of this ^„_^_,y^_ D«t™,.flrt,. 
costly merchandise. 

The otter (Pig. 53), another long-bodied animal, pursues 
and destroys the fishes in our ponds and rivers. 
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16. Edentata. — The Edentata^ or so-called toothless ani- 
mals, are strange creatures, unknown in Northern countries. 
They have few if any teeth, and feed on tiny insects. The 
most remarkable member of this family is the grecU ant- 
eater (Fig. 64), an inhabitant of South America. Its length 

sometimes attains four feet nine inches, 
not including the tail, which appendage 
measures about two feet four inches. 
It has no teeth, but is provided with 
a pointed tongue about fifteen inches 
long, covered with slimy and sticky 
saliva; this it thrusts into ant-hills or 
Fio. 64.— Great Ant-Eater across their woutcd paths. The un- 

(South America). Lives , • j. xi. j. x xi_ 

on ants. suspectmg ants that venture thereupon 

are doomed to death, being unable to 
free themselves, and when a sufficient number is thus caught 
the ant-eater draws back its tongue, covered with the living 
burden, into its mouth. 

17. Bodentia. — We have now passed in review the more 
interesting and important of the flesh-eating animals. Let 

us glance at some of the 
plant-eaters, or HerbivorcPUs 
animals. 

The first in order are the 
RoderUta, or gnawing animals. 
Look at this picture : it rep- 
resents a rahbifi's head (Fig. 
55). In each jaw you will 
observe two long teeth, which 

Fio. 65.-BabbIt'8 head fherbiTorons j^^j ^p^^ each Other SO aS 
gnawing animal). ^ . ov e*o 

to gnaw vigorously whatever 
happens to come between them ; the under jaw works back- 
ward and forward so as to produce the necessary rubbing 
and gnawing movement. This rubbing wears the teeth, but, 
since they grow as fast as they wear out, they always remain 
of the same length. 

The principal common members of the rodent family are 

What name is given to plant-eating animals 7 To what do the squirrel, rabbity 
and mouse owe their name of gnawing animals? 
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the following : the aquirrel (Fig. 56), nimble as a monkey, 
30 gay, so pretty, and bo lively, in Bummer at least, — it 
sleeps in its nest all through the winter; the European dor- 
fnotue (Fig. 57), smaller than the squirrel, bnt quite as pretty, 



rio. 56.— Sqnlnel. RnlaDt ^0. BT,— Sormonw. Rsdent. 

and more dormant still, for even in summer it sleeps soundly 
all day long, and seeks its food at night ; the rat, the moTUe, 
the iBood-mouae, and the Jield-moute (Fig. 58), all of which 




have earned by their stealing such a bad reputation ; the hare 
(Fig. 59) and the rabbit, well known to eveiybody, 



Tery interesting little animals are the prairie-doc/s (Fig. 
60), which inhabit the prairies west of the MiaBissippi : they 
live in borrows that are called prairie-dog villages, many 
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families of them living together. They are exceedingly agile^ 
and travel under ground with such rapidity that it is very 
difficult to capture them. 

The woodchuck or grouTid-hog (Fig. 61) of the Northern 
United States and Canada is a kind of marmot. 

We may also mention among rodents the heaver (Fig. 62). 
Some stray members of diis famUy are to be found along the 





Fio. 62.— Beaver (North America). 
Rodent. 



Fio. 63.— Porcupine (Italy and 
Africa). Bodent 



banks of the Bhone, but their principal quarters are in North 
America. Here they formerly lived in large colonies, but they 
are now found only in the wildest regions: they construct 
dams upon the rivers and build themselves houses, cutting the 
necessary wood with their powerful teeth. Their broad scaly 
tails aid them in swimming, and are not used in plastering 
the mud on their houses as was formerly supposed. 

In Italy and in Africa are found porcupines (Fig. 63) ; they 
sometimes weigh over 30 pounds, and they are armed all over 
with strong, sharp quills, sometimes a foot long. A kind of 
porcupine is found also in the Northern United States and in 
Canada, where it is wrongly called hedgehog. 




Fio. 64.— Lower Jaw of a horse. 
A, fV^nt teeth ; B, flat molar teeth 
(herbivorous). 




Fro. 65. — The horse has only one 
ioey which terminates in a nail 
forming the hoof. 



18. Horses. — Horses are real herbivorous, or grazing ani- 
mals, as you all know ; the nature of their food might indeed 
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be gaessed by tbe mere examiuatioQ of their back teeth (Fig. 
64). Instead of being unimportant, like tboBe of insect- 
eaters, or armed with uiarp points or blades, Uke tliose of 
flesh-eaters, theirs Anfiattened out, and can act only as grind- 
stones to braise the grains and grasses on which tbey feed. 

A distinctive chamcter common to all the horse kind is 
tliat each foot has bnt one toe, ending in a sort of nail, which 
completely envelops the extremity of the toe, forming what is 
called the Aoo/(Fig. 65). 



Fie. 66.— I. Am;!. Qiu«s>; 3. Wild An; 1. Zelin. 

The principal animals of the horse kind are the Aor«e, prop- 
erly so called, the an (Fig. 66, 1), the gvagga (Pig. 66, 2), 
the wOd OM (Fig. 66, 3), and the zebra (Pig. 66, 4). 

19, Banmuiltia. — xon have doubtless tdl seen a cow or a 
sheep cheating the cad, or Tuminatiitg, to use the scientifio ex- 
pression ; that is to say, chewing, although they have appar- 
ently nothing to eat. I will explain to you how this happens. 
These animals eat veiy fast, and masticate but imperfectly 
when doing so. When they have laid in enough, and are at 
rest, they have the power of brining the food hack into their 
mouth; it is then chewed at leisure, so as to facilitate the di- 
gestion when finally swallowed. 

Almost all the rominating animals are of considerable nie; 
some are even enormous. Their molar, or back teeth are 
flat, like those of the horse ; their stomach is composed of 

WhU pMDtiaritT do Iha molsr teeth of honei preMnt! Whet diitiiicttTa chtru- 
ItriiBmuBontobonn} Nuiolhe prlncli*! nlmoliot tb» bonB klud. Wlmtli 
mMiil by ths word rwiiAuMiifr Boh doe* TumiDMlDD take p1iK*7 WbU pecu- 
Uiritli* do the DHlu'teelli oT ramlniuili posBca f Atidtbeiritonuclul 



several pouches, and it is this peculiar character that allows 
rumination, for they first pass the uuchewed food into one of 
these pouches, from which they can return it to the mouth. 
Their feet have two toes, each of which is protected by a hoof 
(Pig. 67). The first in order of this description that I shall 



"^mf 



mention is the camel, two domesticated speoies of which are 
well known, — the cameJ with one hump, or African drrnnedary 
(Fig. 68), and the camel with two hisnvpt, a native of Asia 



Fis. <m.— camel witb t< 



their 



Both of these are equally useful on account of 
leir strength, their docility, and their fitness for desert life. 
In South America there exist animals that bear some re- 
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Bemblanoe to the camel, except that they are emaller, and hare 
no hump. Of these camel-tike animals, the Uama (Fig. 70) 
and long-haired alpaca have heen domesticated by the Indians. 
The giraffe (Fig. 71) sometimes standa 18 feet high : it is 
found only in Africa, and but one species is as yet known. 




Aft 13.— Bos-Dht <EiiKipe). Pm. T4.— r»llow-Dof r (EiiPop«). 

The Deer /am%, on the contrary, comprises a great number 
of species, which are to be found in America, Europe, and 
Asia. 

Thmr principal characteriatio is that the bead of the male 
is provided with toUd harm, which are outgrowths of the 
bonea of the skull, that faU off onrf are renewed every year. 

HMie iiHiia othn apMlu of nuniutlug iiiilnwU. 



In Europe there are the red deer (Fig. 72), the roe-deer 
(Fig. 73), the faUoto-deer (Fig. 74), andthe reindeer (Fig. 
76), the laHt-named ao useful as a Buhstitute for the horse 
in tJie ioy vastus of Northern Europe. In America there are 
the mooie (Fig. 76), the largest of the deer family, the carS>ou, 



lalatDt, A mon luerul aninul In Fia. m—Uiwo (Nortb America). Luger 
the Icj reglona- than a hoi», Buminanl 

a sort of reindeer, the elk, a near relative of the red deer of 
Europe, the mvle deer, 
the Virginia deer, and the 
black-tail deer. 

See, here is a cow's 
horn: it is a sort of 
hJhto theath. On the 
beast's head, this sheath 
fits over a sort of bony 
protuberance of the fore- 
^ K. „. „ .. ™. . . -. , head, which fills it ex- 

Fio. JT.— W«oii, or BnUBlo (North America). ,i ' m. , , 

Ai largs u an ox. BnmiuanL actly. The protuberance 

and its sheath are never 
thed. All the ruminants that bear horns of similar deaeription 
form, a class apart, and are called HoUow-homed Ruminantia. 
Oxen, are the largest animals of this kind, and also the most 
interesting. In America, Europe, Africa, and Asia several 
species have been domesticated, but there is still found, not 
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only in Africa and Asia but also in Europe, a big-headed, 
humpbacked wild ox. This animal lives in the forests of 
Poland, and is not unlike the bison, or American buffalo (Fig. 
77), which, until a short time ago, inhabited in countless herds 
the prairies of North America. Unfortunately, the wanton 
destruction of the bufiGsJo has resulted in leaving only a few 
herds in the whole Western territory. The largest of these 
is in the Yellowstone National Park. 

She^ and goats are also numbered among domestic ani- 
mals. But there exists in the Alpine mountains and in 





Vis. 78.— Booqnettn, or Fio. 79.— Wild Sheep Fig. 80.— Gazelle. 

Wild Goat of the iipe. of Ada. Uaminant. BumlDant 

Bnminant. 

the Pyrenees a sort of wild goat (Fig. 78), and in Siberia and 
Centnd Asia there is found a wild sheep (Fig. 79). 

Lastly, the general name of Antelopes is applied to a very 
numerous species of other hollow-homed ruminants, of varied 
form and size, that live in herds in 
Africa. The African gaaeUe (Fig. 
80) has a world-wide celebrity for its 
beauty. One species of these agile 
and graced creatures, natives of South 
•Africa, when migrating from one place 
to another, travel in herds of about /::2^|{|KlMJkL: ''''' 
20,000 head, carrying along in their y,^.8i,_ch«noi«of theAipe 

ranks whatever other animals they and Pyrenees. Bumiiiant. 

happen to meet. In Europe only one 
species is found, the chamois (Fig. 81) of the Alps and 
Pyrenees. Immense herds of a large kind of antelope roam 
over the Western territories of the United States. 

20. Elephants.— The ekpharU (Fig. 82) is the largest of 
all land-animals: it sometimes attains the weight of 14,000 




pounds, and is more than 9 feet high. Everything ia remark- 
able in this strange animal : the prolongation of the snout, 
which forms the long flexible trunk it uses so cleveriy ; the 
two enonuoua teeth, called tmla, that adorn its upper jaw, 
and which furnish useful and beautiful ivory ; its great in- 



telligence and its tamabiUty ; the great services i* can render 
by carrying burdens in the chase or in war, etc. 

Two species of this powerful animal are known : one is 
a native of India and Ceylon, and is at the present day the 
only domesticated one. The other, which has lat^ ear-flaps 
and a prominent forehead, lives in Africa. The negroes make 
no use of it except to hunt it for its ivory; 
but in ancient times it was much em- 
ployed by the Greeks and Komans, and 
h there is no reason why it should not be 
S made nse of in our day. 

21. Pigs. — One of the important mam- 
mals that we have not yet studied is 
the piff. This creature ia only a do- 
„ ™ «.... - mesticated form of the wild boar, which 

Flo. 83.— wild Bdu. ■ ■■!.(■_■ i> IS 

PKtijdeiinHM. IS very numerous in the foreste of Eu- 
rope (Fig. 83). 
Passing over the several species of wild boars that are found 
in Asia, Africa, and America, the most interesting of those 
remaining is the hippopotamut. 

Which i> tht UrgeaC of aJl luKhuUiwl*! 



HARBtTPIALrA, 



The hijmopotamm (Pig. 85) is very massive and teavy, so 
macli so tnat on land its movements are by no means graceful. 
In the water, however, where it Uvea almost constantly, it 
is quite agile. It has an enormous month set with great 
massive teeth, which yield a precious variety of ivory. The 



Tla. Si.— BhlDoceKK (Aib Fio. 85.— HlppDpotamni [riven of 

ud AMn). Afrlck). 

hippopotamus is to be found in almost all the large rivers 
of Africa. These pig-like animals, and the rhinoceroi (Fig. 
84), have a thick leathery skin, for which reason they were 
once grouped together and called Pachydermata. 

This, however, is an error, for the rhinoceros, strange as it 
may appear to you, is now known to belong to the same class of 
animals as the horse. The horn of the rhinoceros is not joined 
to the bone of the head, but to the skin, and can easily be de- 
tached by cutting around its base. The rhinoceros is a savage 
animal when irritated, and is of very uncertain disposition. 

22. Karsnpialia. — In the continent of Australia ther« 







Fia, ST.— Ornllho- 
lui. A duck-. 



tnlU).' 

whkb 111 jouDg ue p 

tecled. MuinplalU. 

exist, except the dog and some of the bat tribe. 



iir tlie so-cdled FicbjaemiBCi 



k-BklmtBd Huimalat Which iu« Ihe moat In 
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malia having much resemblance to those of the other parts 
of the world. The rnmn/raalia found in Australia have quite 
pecvMar characteristics. 

As in most cases the young of these animals, when newly 
bom, take refuge in a sort of pouch (in Latin, marsupium) 
situated under the mother's abdomen, the name Marsupialia 
has been given to the group. 

Among Marsupialia there are flesh-eaters, insect-eaters, and 
grassing a/nimals. 

The best-known of these last is the kangaroo (Fig. 86), a 
strange creature, that with the help of its tail and enormous 
hind legs is able to travel by prodigious bounds when pur- 
sued or otherwise hurried. The largest species of this ani- 
mal attains the height of 6 feet, and even more. 

Another strange Australian mammal is the omithorhynchus 
(Fig. 87), whose jaws are prolonged into a flattened bill like 
that of a duck ; it is also web-footed, but it is not a marsupial. 

Only a few of the Marsupialia group are found out of Aus- 
tralia : one of them is the opossum (Fig. 88), a native of the 
United States. This little creature lives on flesh. By the 
aid of its long, hairless tail, it can suspend itself from the 
branches of trees. It is a cunning animal, and when captured 
it very perfectly feigns death (or, some say, faints with terror). 

23. Seals. — All the animals that have until now occupied 
our attention live on land. True, the otter seeks its prey 
under water; there also the hippopotamus passes a great 
part of its life : but, although fond of bathing and river life, 
they come ashore, and walk and run on the dry land. 

This is not the case with seals (Fig. 89) : their feet, flat- 
tened out and shaped like fins, enable them only to drag 
their bodies heavily along the ground. Almost the whole of 
their life is spent in the sea, and they swim and dive with 
marvellous agility. They live altogether on fish. 

Some few seals are to be met with on our coasts, but in 
small groups only : their real home is on the icy shores of the 

What peculiarity do the mammals of Australia possess? Why is the name Mann- 
frfolia giyen to a group of Australian mammals? Among the mammalia already 
studied, name two that willingly stay in water although they come on dry land. 
Name some mammalia that pass nearly all their liyes in water. 
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northern and southern seas, where they are veiT oft«n wan- 
tonly and foolishly slaughtered. In 1870 the Scotch fisher- 
men captured and killed 90,000 of these animals. Enormous 
Dambers of seals are found on the coasts of Alaska Terri- 
toiT. The fat or oil of seals is used for industrial purposes, 
and the skin of some kinds gives a beautiful fur. 

In the northern seas, there live, in herds also, animals 
akin to the seal ; these are wah'ueeg, or sea-horses (Fig- 90), 




ns. S».— Sail 




specially remarkable for the euormons tusks that adorn their 
upper jaw. They are very dangerous animals, sometimes 
more than 20 feet long, and when attacked in their native 
element they rush npon the boat, often upsetting it. 

2^ Cataceft. — Cetacea are mammalia that never come on 



shore, for they cannot live out of water ; if they happen to 
be cast by some tempest npon the seashore, they perish very 
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rapidly. They are divided into two groups (Fig. 91), whales 
and porpoises. 

Many people have the idea that whales are fishes. Were 
any one to say so to you, what would you answer? — "I 
would answer, that fishes have scales^ while whales have none.^^ 
— ^Well, and what else? — " Ah ! I don't know if whales have 
warm or cold blood." — They have warm blood. — " Then 
whales cannot be fishes." — Certainly not; besides, they give 
milk to their young, and they are obliged to come to the sur- 
face to breathe ; for they would die by drowning were they 
to remain under water more than half an hour. You see, 
a whale is not only an aerial animal, but also a mammal. 

But the Cetacea are strange members of the mammalian 
family. They have the outward form of a fish, the tail has 
become a fin, only it is placed horizontally, instead of being 

vertical- like that of a fish. Their fore- 
limbs are fashioned like oars, or fins, 
whilst the hind ones are totally wanting. 
Among cetaceans some have teeth, 
Fio. 92.— Porpoise, ur Doi- and devour prodigious numbers of fishes. 
gin.^LiyeonfiBh. Ce- Porpoises, or do^hifis (Fig. 92), are of 

this class. Many of these animals are 
to be seen playing and rolling in the sea around our coasts. 

A large cetacean, the cachalot, or sperm whale (Fig. 93), 
has teeth in the under jaw. It is sometimes 75 feet long, 
and is very dangerous. 

Whales, properly so called, have no teeth ; only tJie roof of 
their movth is set instead with several rows of long, flat, 
and flexible horny growths, called fans, which are used un- 
der the name of whalebons. These enormous animals have 
been known to attain the great length of 107 feet, and to 
weigh 500,000 pounds, which is about equivalent to that of 
forty elephants. 

Enormous as these animals are, they feed almost ezclu- 



In what way does the skin of the whale'prove that It ia not a fish? What deduc- 
tion do yon draw fh>m the temperature of its blood? How does it feed ite young? 
In what manner does it breathe? Of what shape is the tail of Getacea? For what 
do their forefeet serve them ? Name two cetaceans that have teeth. What take the 
place of teeth in whales ? On what do they live? 




sivel; od very tiny marine creatures, that float in great shoals 
on the surface of the sea. Why so ? I think I can hear you 
ask ; why do the whales not eat fishes, for certainly there is no 



Tia. es.— CubiloL or Bperm nbule. Hu taeth In tb« ander Jaw. 

lack of them? Well, it is hecaase their throat is too narrow 
to allow them to swallow fishes : a herring would scarcely 
find room to pass through it. 

Whales are hunted for the whalebone of their fans, and 
also for the oily grease that lines their skin and protects them 
from the cold. 

SUMMARY.— MAMMALIA. 

1. Kankilld (p. IS). — Han belongs to tbe Uammslian gronp. 
fl. There are four prinoipal nuee omoni; men ; the tchiic Earopeana, the 
ytOoK ABiatiDS, the black Africans, SDd the red Indiaitt of North Ameriaa. 
S. Some leu ttumeroui inferior raaea also eiiat. 

4. HonkBTI (p. 21).— First in order among MoNEKTa are three great 
genen : the Aslatio ouraitg-natang, the African garilla and ehrmpantee. 

5. The other kindi of monkeys ore eitremel; numeroas. 

8. The large speciu as well as the email lire in warm nlimateg. 

7. Bata (p. 22). — Bats are not birds, bntm ammals. Thej' are olad in 
fur, not feathers ; they hare teeth and erect ears ; their wings are oom- 
poud of a fine film or membrane, vhieb is a prolocgation of the skin of 
their bodies, and whi<^ is stretched oat npon elongaMd Snger-bonee. 

S. In the dajtims bats sleep. Dnrlag tbe night they fly abroad in 
Harsh of inseats, on which they feed. Therefore the; are asefal to 
tkrmere, and oaght to be proteotad. 

8. lueettTOTDiu Kammali (p. 24). — Other insEcnvoitoiis animals 
Ibat have no wings feed on insecte; they are all small. Among them we 
may mention tbe htdgthog, whose skin is oorered with priekles; the 
■harp-nosed Jleld-moatrf tbe malt, whioh swallows enormoas numbers 

What article* of camm«n» do we derin from the whale 7 
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of white worms, and by no means eats the roots of plants as people gen- 
erally imagine. 

10. Carniyoroiu Mammals (p. 24). — ^The Carniyobous animals (Latin, 
eamiSf flesh) live npon flesh. 

11. Their paws are very strong, and armed with sharp and powerful nails 
called claws ; their mouth is set with long, strong, and shaip teeth. 

12. The best type of these animals is the Cat species (p. 25). The tiger 
(the fiercest of wild beasts), the lion, the panthery the jaguar^ all three 
less dangerous to mankind than the tiger, are in reality only yery large 
and powerful Cats. 

18. Next to the Cats we find Dogs (p. 27), in which species are ranged 
the wolf, dangerous in Asia and in Russia, the /ox and i^ie jackal, great 
ravagers of poultry-yards. 

14. The Hyenas (p. 27) are fonder of dead bodies than of live flesh. 

16. The Brown Bear (p. 28) of the Alps and Pyrenees prefers fruit 
and honey to the flesh of man or that of his flocks and herds. On the con- 
trary, the white hear of the icy regions and the grizzly bear of North 
America are extremely sayage, and attack man eyen when unproyoked. 

16. Edentata (p. 30). — The Edentata, which possess few if any teeth, 
are unknown in European countries. The most interesting member of the 
group is the great ant-eater, whose long, worm-shaped tongue proyes 
fatal to all ants that venture upon it, on account of the slimy substanoe it 
secretes. 

17* Herbivoroni Mammals (p. 30). — ^The Herbiyora feed upon grasses. 

18. The first in order among these are the Gnawing animals, such aa 
rabbits, squirrels, dormice, rats, mice, beavers, marmots, 

19. The Horse tribe (p. 32), which includes the ass, have flat back 
teeth ; on each foot but one finger or toe exists, which is completely en- 
yelojped by a nail. This nail forms the hoof, 

80. Buminantia (p. 33), so called because they ruminate, or chew their 
cud, which action consists in chewing food that has been previously 
swallowed. 

21. The teeth of ruminants are flattened like those of the horse tribe ; 
their stomach is composed of several pouches; each foot has two toes, ter- 
minated each by a hoof, and they are hence called cloven- footed. 

22. The Ruminants include the one-humped camel, or African drome- 
dary, and the two-humped Asiatic camel, which afibrd in their native coun- 
tries the services horses render in ours ; the llama of South America, domes- 
ticated by the Indians ; the giraffe of Africa, that stands 18 feet high ; the 
deer, roe-deer, fallow-deer, elk, and reindeer, the last-named of which is 
used as a beast of burden in the Polar regions, and all of which have solid 
horns that fall oflf and are renewed every year ; oxen, bisons, formerly 
abundant on the prairies of North America, sheep and goats, antelopes, 
the chamois of the Alps and Pyrenees, all having hollow horns that last 
all their life long. The horns of the American antelope are cast every year. 

28. Elephanti (p. 37). — The Elephants are the largest of all terrestrial 
animals. They render great services in carrying heavy burdens. The Asi- 
atic species has been domesticated, but the African elephants remain savage. 

24. Pigs. — ^Among the Pig kind we have the wild boar and the hip- 
popotamus. The rhinoceros was formerly classed with the Pigs, on ac- 
count of the thickness of its skin, but it is now ^nown to be related to 
the horse. 
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25. Harsapialia (p. 39). — The M arsupialia, except one species, are 
Australian animals. Under their abdomen they have a pouch {marau- 
pium) in which they carry their young. The best-known among them is 
the kangaroo. The opossums are natives of America. 

26. Seals (p. 40). — The Seals spend the greater part of their life in the 
water. They live in herds on the shores of the northern seas, where they 
are slaughtered in great numbers in order to obtain their oil and their 
skin. The mo-rae, or walrus, with its long tusks, is classed with the seal. 

27. Cetaoea (p. 41). — The Cetacea, or Whale tribe, comprises por- 
poises, or dolphins, sperm whales, and whales properly so called. 

28. Whales are not fishes. They have no scales (while fishes have) ; 
they have warm blood (fishes have cold blood) ; they give milk to their 
^oung, and would be drowned were they to remain longer than half an hour 
under water : they are mammalia, and air-breathing animals. 

29. Whales have, hanging down from the roof of the mouth, several 
rows of the material used in commerce under the name of whalebone, 
each row consisting of several hundreds of fringes. Their throats are ex- 
tremely narrow. The other cetaceans have teeth. 
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25. Birds, as we have already said, are easily recognized, 
for they all possess a beak, feathers, two wings, and two feet. 

The beak, as you can easily see upon this fowl's head that I 
have prepared for the lesson, is merely a sort of horny sheath 
that covers over or envelops the two jaws. 

The feathers when in a state of full development have a 
tube by which they are implanted in the skin ; this tube 
is continued by a full stalk, bearing on each side a row of 
vanes; these in their turn bear smaller vanes, which some- 
times, as is the case with goose-feathers, bear smaller ones 
still. All these vanes adhere together, and are woven into 
one another. All feathers, however, are not so complete as 
this. 

The tomffs are generally strong enough to allow the bird to 
fly. Some, however, like those of the ostrich, are too short 
to allow their owner to rise from the ground. Some birds 
use their wings as fins, and with their aid swim under water. 

All birds lay eggs, and most of them construct nests. The 
egg is composed principally of a stoni/ shell, a white part and 



Of what is a bird's egg compoBed? 
4 



46 ANIMALS. 

a yellow part or i/olk. See, here are two hen's eggs, the one 
raw, the other cooked hard. I have broken the shell of the 
raw one, and its contents have run out all over the plate. Do 
you see in the yolk that little white speck ? It is the germ, 
and would have become a little chicken had we left it long 
enough to be hatched under the mother hen. I shall now 
take the shell off the hard-hoiled eyy, and carefully cut it in 
two, so that you may see the position of the yolk and the 
white. 

When an egg is kept in a warm place for a certain length 
of time, the little white germ becomes a tiny bird that grows 
in its prison, and as it grows gradually absorbs the white and 
the yolk until it becomes big enough to fill the shell, which it 
then breaks with its beak. Thence it comes out, in some 
cases blind and almost motionless, like the young pigeon 





Fio. 94.— Pigeon coming out of its egg. Fia. 95.— Chicken coming out of 

It is blind and cannot move. its egg. It can walk. 

(Fig. 94), in others lively and nimble, knowing how to seek 
food for itself and able to run about, like the chicken (Fig. 
95), or even to swim, like the duck. 

in the natural course of things, it is the mother bird that 
furnishes the heat necessary for hatching the eggs ; she sits 
upon them, and builds the nest where eggs and young will be 
sheltered and kept warm. The shapes and sizes of these nests 
vary according to the species of the builder. But you know 
that eggs can be hatched by artificial heat in boxes made for 
the purpose (Fig. 96). 

And this is not aill I have to tell you about our feathered 
friends. Some of them undertake hn^f journeys, very regularly, 



What is the little white speck seen in the yolk of an egg? What happens when 
an egg is kept warm for a certain time? In what state does the young bird come 
out of the egg? How is the heat generally furnished for hatching eggs? Will any 
other means answer? 
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CTery year ; they migrate^ aa we say. Thus, swallows come 
to our country ia the summer-tune to lay their eggs and bring 
up their young ; when 
winter draws near, and 
insects become scarce, 
they fly off again, and re- 
turn to the warmer cli- 
mate of the South. So 
do the orioleSf the night- 
ingalei, and many others. 
Some, on the contrary, 
visit our country only in 

winter, when severe cold yi"- %.— Boi for faitFiiiD^ thickens tj unifioui 
drives them from the far t^L l^ZJTiLt '"* "''"'" " "^'^ 
north ; the wild ducks, 
wild geese, and swans are of this class. 

We will now rapidly glance at the principal groups of birds, 
26. Birds of I^ey.-— Some birds live altogether upon the 
livejfeA of other birds, of quadrupeds, or of reptiles. They 
are for this reason called Sirds — 

of Prey. They are marvel- 
lously supplied with weapons 
wherewith to accomplish their 
work of destruction : they have 
sharp hooked beaki (Fig, 97), 
long and piercing claws called 

UJm (Fig. 98), .nd long „.„. „.„, 

pomled wings. They fly so Beak or a bird or anwi or s bird oi 
swiftly and for such a length of C^ef ^ ""* ^I'^oL'"^ 
time that a falcon once lost in 

the forest of Fontainebleau, in the centre of France, was found 
the following day at Malta, more than a thousand miles distant. 
Some birds of prey hunt for their food in the daytime, and 
■re for that reason called divmal; others hunt after nightfall, 
and are called noclunud. 




d^timtl And lo tbOM th 



Among dmmal birds of prey we find vttltitres (Fig. 99), 
that feed on the flesh of dead animals. Some very Urge 
^cies of these birds exist in Europe. Id warm countries 
they render much service in clearing away dead bodies that 
would otherwise infect the air. The condor of South Amer- 




ica (Fig. 100) is the lai^est bird that flies; it aometimea 

measures from one tip of its outspread wings to the other 12 
feet ; the vulture of the Alps (Pig. 101) is almost as large. 
Eagles (Pig' 102) have stronger wings and talons than vul- 
tures; they are also bolder, and feed on live prey. The 
eagles of the United States are the white-headed or bald 
eagle, and the rarer golden eagle. Falcone (Fig. 103) are 
stronger still than eagles, in proportion to their size, and 




more daring. In former times they used to be trained to 
hunt, and they are still so trained in Algeria and in the East. 
The hawk (Fig. 104), the buzzard (Fig. 105), the yarrow- 
hawk (Fig. 106), and the kite (Fig. 107) are much less strong. 
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Fio. lOT.— Klta. 



Nocturnal birds of prey have a soft downy plumage which 
allowa their flight to be quite noiseless : the openings of their 



ris. loe.— CommoD rio. 109.— Bun OwL Tin. 110.— Great HoroHl 

OwL OwL 

ears are very wide, and their big round eyes are directed to- 
wards the front. They all come under the general name of 
okA (Fig. 108). Some have tufts of festhera 
A, B, that stand erect on each side of the 
head, and are called horw ; others, such as 
the b&ra owl, have no such ornament (Pig. 
109). Many species of these birds are na- 
tive in oar country, from the great homed 
ov}l(¥ig. 110), almost as big as a turkey, to 
one (Fig. Ill) about the size of a black- 
bird. They make not a little havoc among (^^ V'f iwi"?!" 
rate, mice, and other destructive animals of ai ■ uiukbinL 
sm^ size ; this should induce people to pro- 
tect them instead of nailing tbem up on bam doors, as is the 
stupid custom in some places. 

Mux Kms noclBrnal blrdi or pnj. Why itiauld Ihtj not b* dHtroT«lt 



so 

27. Parrots. — Parrots (Fig, 112) are characterized by 
their short, clumsy beak, their fleshy tongue, which allows 
them to articulate words, and their toes 
two turned forward and two backward, al- 
lowing them to climb with ease. Their re- 
markable intelligence has entitled them to be 
called the feathered numkeya. Like mon- 
keys, they are natives of warm countries, 
and their noisy and gaudy bands people the 
intertropical forests of both hemispheres. 

28, Pi^eOUfl. — Pigeons in their natural 
state are neither of great variety nor of a 
^ great number of species. In this country 
,^L ^ ' we have the turtle-dove (Fig. 113) and the 
B||^^ vrUd pigeon, besides many domeBtic pigeons 
^S^KgRj» that have been brought from Europe. 
^fl|^nB ^B' E^alluiaceaiis. — The name of GaUi- 
^5^^P naceam (from the Latin gaUma, the hen) 
Fia. 113.— Tntti*. '"'^ been given to the birds of this group on 
DoT8. account of their greater or less resemblance 

to the hen, which has been taken as a type. Tbey are grain- 
eating birds. Our hens are supposed to have originally come 




from India, as well as th^ pheasanta (Pig. 114), a,nApeacocki 
(Fig. 115). The Guinea-fowl (Fig. 116) came from Africa, 
and the tvrkeif (Pig. 117) and prairie-chidxa (Pig. 119) 
are natives of America. In our country are also to be found 
the common partridge and the quail (Pig. 118). 



WASINQ BIBDS. 




Pio. in.— Turkef. rio. IIS.— Qnttl. 

30. Wading Birds.— The Wadir^ 



Fro. !».- Pr»lrt*«hic»«n. 

Birds are so called oo 







no. 180,— Btotk. Fio. 121.- 1 




Tia. IM.— Corlsw. Fio, IE.— Snipe. 



Fio. 128.— W»t«i^H«lL 



?I0. 127.— Buatird. 



account of their long, naked legs. Most of them live i 
marshy places, and wade through mud and water ; they ai 



DBually provided with long necks aod beaka, so formed ae to 
enable them to catch, notwithstanding their long legs, the 
small animals on which they feed. Those best known in our 
country are the heron (Fig. 121), the crane (Fig. 122), the 
mipe (Fig. 125), the icater-hen (Pig. 126), the plover, the 
rati, the woodcock, the landpiper, etc. The »tork (Eig. 120) 
ia common in Europe, and in Holland makes its nests on the 
house-tops ; in Europe are found also the lapwing (Fig. 123), 
the curfew (Fig. 12^, and the bustard (Fig. 127). 

31. OBtrichm. — Ostrichet are large birds, whose wings 




Via. ISa.-OMrlch 
(AMo). 

although too short for flight, help them to run with great 
rapidity. They are so strong that they can 
carry a man on their back. 

The ottrich is a native of Africa : it has 
but two toes (Fig. 128). It jittains the 
height of more than 7 feet. The rhea, a 
South American ostrich (Fig. 129), is of 
smaller slue, and has three toes. The cas- 
iowary of Australia and the neighboring 
islaniw (Fig, 130) ia larger than the rhea, 
but of a clumsier shape. 

G-reat in size as these birds are, they 
I seem quite small beside some of their 
* species, closely related to the cassowaiy 
"V^^^^"^ (P'g' 131), which the natives of Madagas- 

*lun WW from BAW *^i/r rriii • ° t 

ZHiind. Exipmi- Car and New Zealand have exterminated. 
in^t. ^'^'"•'**'" They are nowhere to be found at the pres- 
ent day, and all that remains to tell what 
they were are a few of their bones 'and some of their eggs. 
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le egg is equal to about 
home, to a. hundred and 



But what eggs they are ! Oi 
ux ostrich-eggs, oi, to come 
fifty hen's eggs. 

82. Palmipeds. — Weh-footed Birdt. — These have, as their 
name indicates, pcUmated or webbed feet (Fig. 132) ; that is 
to Bay, their toea are united to one another by a skin or web. 
This allows them to swim easily. Look at this 
duck's foot: when the bird draws it forward, 
it folds it up nicely so as to pass through the 
wat«r without fonning the slightest obstacle ; 
on the contrary, when pushed backward, it 
spreads itself out, ofiers a resistance, and the 
bird is thereby propelled forward. 

Duckt (Fig. 133), gee»e (Fig. 134), and A*"bb<i'toot. 
mana (Fig. 135) are Palmipeds that swim to 
perfection and fly very well, but walk veiy badly. They have 
a broad bill provided with a sort of tiny saw that fulfils for 




.^B^' 



them tlie purpose of teeth. Seor^Ui (Fig. 136), that live 
almost always on the sea-shore, and the enormous ajbatrosi of 




Fia. 138.— PelltAO. 



the South seas (Fig, 137), have pointed bills ; they also are 
excellent fliers. The pelicwa (Fig. 138) and the contwramt 
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(Fig. 139) are even more complete); web-footed than the 
foregoing, for the web envelops not only the three foretoes, 
but also the first or great toe. 

Upon the shores of the Northern seas the atok* (Fig. 140) 
are to be seen in myriads ; and in the South seas the pen- 
guiiu (Fig. 141) are quite as numerous. Neither species can 
fly. This is not because their winga are too weak to cany 
them, as is the case with the ostrich ; tbey are, on the con- 




Fio. 13B.— Connrmnt FiB. IM.— Awk. Flo. liL— Penguin. 

trary, very strong ; but they have no real feathers upon them, 
and the bird uses them only as fins, to swim under water. 

33. Pasaerines. — Sparrows. — This name is given to a 
great number of genera of birds that are neither birds of prey 
nor palmipeds, etc. The Passerines, in fact, include most of 
the small birds in existence. 

Some members of this tribe have two toes in the front, 
and two others turned backward, which enables them to climb 
admirably along the trunks of trees. Such is the wood- 
pecker (Fig. 142), very unjustly accused of damaging the 
trees of our forests while in reality he merely searches 
the holes that the insects have already made. Some others 
have a hooked beak like birds of prey. Such is the shrike. 
Others have a delicate beak, sometimes pretty long, by which 
they manage very cleverly to catch inseots. Such are the 
htackhirds, warblers, orioles, and rofiwis of our country ; also 
our humniing-hirds, so brilliant, and so tiny that the small- 
est is not bigger than a large bee, etc. Others have a 
widely-opening beak, well adapted for catching gnats. This 
is the case with the swallows. Others, again, have a strong, 
short, thick beak, with which they eat grains of all aorta. 
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e are the lark, the hou»e-^arrow, the chaffinck, the lit- 
e, the htiBJinch, the reed-bird or bobolink, etc. Others 



he. 14!.— Wwdpeckar. Fie. 143.— Crow. 

on nee their powerful heaks like a sort of pickaxe, with 
which they turn up the earth and tear to pieces dead bodies. 
Such are the Tna^pieg, jayt, crowt, etc. (Fig. 143). la this 
country there are about two hundred species of this very in- 
teresting group. Some of them are excellent songsters, such 
as the ihrvah and the mocking-biTd. 

SUMMARY.— BIRDS. 



knd a yolk. Id the jolfc floats a . 

•rill become the chickea when the egg ie batoded. 

3. In the Datnnil oonne o( thingn it is the ben that furniehes the beat 
oeoessarj for the katdiing of the egg ; but eggs can be artifiaiall; hatched 
in boxes made tot the purpose. 

4. Bitdt of tivj fp, 47).— BiHDS op phbt have a sharp, hooked beat, 
toes provided with long, sharp nails, called elavit or talont, long Hud 
pointed nings. They fl; with great rspidit;. 

■ a !.__. j„_.__ .u. j._,;„. ^mj ,re called rfiumaJ,- others 

called uocIumaJ. 
B find valtartt, that feed on dead animale; 
tagla, that feed on lire prey; /aicom, that were formerly trained for 
the ohaee. 
7. Among'the nocturnal birds of pre; are oalt. 

5. Owls of all deacriptions deatro; rats and mice : the; ought, therefare, 
to be preteeted. 

B. Parrot* (p. 5D). — Parrots are to be found onl; in warm olimates. 
10. P^wnt {p. 60).— PiBRONS, natives of our country, are the toood- 
pfgron and the lnr(te-aoc«. 
IL OaUinaMani (p. 50}.— Uoder this head are general!; grouped birds 



th&t more or less resemble the hea : pheaianli, peacockt, Guimo'/aieli, 
turkeifijjiarlrxdgei. 

12. Wkdlng Bird! (p. 51).— Most W:Idiiio bibdb are perched apon long, 
slender legs. Those best known are ttorkt, herom, crana, nipti. 

18. Oltliobei (p. 52). — Ostriches are Urge binlB. The apeain fDimil 
ia Africa sometimes standB seven or more feat high. Their wings are too 
short to be need in flight, but they run veij swiftl;. 

14. FalmipadJ [p. 53).— Falhipeds, orwei'/ooMd birda,bave, aa their 
name indicates, ;i a/ma leii or vtebbtd fat; that is to say, their toes are 
enveloped or united by a film or wab. This allows the birds of this tribe 
to swim with great eaae. Dwk; geae, and luafu are Palmipeds. 

IB. Sptrrawi (p. 51). — Under this name is inalnded a great variety 
of gpeoies: blatkkiTdt, aarhleri, nigktingaUt, t-aalloKt, larht, fiachf, 

in.— KBPTHjEa. 

34. In their shape and outward appearance ReptHes differ 
very considerably from one another. There are Ibrtouet, 
that have a homy beak hke a bird, four feet, and a sort of 
horny house in which their body is enclosed (the upper part 
of this box is called the carapace, the lower part the pUutron) ; 
Lizards, that have teeth and limbs, but no carapace; Ser- 
pents, that have neither carapace nor limbs. All reptiles 
lay eggs, somewhat similar to those of birds, only the shell, 
instead of being earthy and brittle, is homy and elastic. 

35. Tortoises. — Some tortoises live on land ; others are to 
be found in marshes and in fresh water ; others, again, called 
turtles, live in the sea (Fig. 144). They are encased in a 



flat carapace which offers but little resistance to the water 
through which the animal moves by the aid of its long, flat 
t«ned, paddle-like limbs. Upon some parts of our coasts 
great multitudes of these turtles resort to deposit thdr eggs. 



LIZABDS. 



57 



There they are captured for their flesh, to make Boup, aod for 
their ehella, which furnish the valuable tortoise-shell. 

The land tortoixt have short limbs and more convex cara- 
paces, which last are so strong and resistiag that a man may 
Btaod npon the back of a tortoise 4 inches long without 
harming it. In Africa some are fonnd 3 feet long. 

Fre^-toater tortoises are, in shape, intermediate between 
the turtle and the land tortoise. 

36. Lizards. — The largest of this group is the crocodile 
(Fig. 145), powerful enough to be very formidable even to 




mankind. The large rivers of Africa, Aua, and South 
America swarm with them, and some attain a length of more 
than 24 feet. The aJligator of the rivers of the southern 
United States has partially webbed feet: it is very closely 
related to the crocodile. 

Among the numerous species of the lizard tribe the most 
curious is the cJtamdeon (Fig. 146). This strange oieaturs 




ia veiT common in Syria and on the southern coasts of 
the Mediterranean. It owes its world-wide celebrity to ita 



t, ^»tsl Unrd wUcb ta leiy formldabla to 



faculty of rapidly changing color accordiag to circutnetaoces. 
Anger or calm, sun or shade, have influence upon it, and 
cause it to become green, yellow, black, etc. The GUa mon- 
ster of Arizona is a lizard more than a foot long: it is a slug- 
gish animal, but it secretes a venom or poison and its bite is 

Some lizards present a strange phenomenon : their tail, 
brittle and easily broken, lives for a considerable length of time 
after being separated from its bearer's body ; and, more than 
that, the iost tail is in a comparatively ihort time replaced by 
another, simiiar to the amputated one. This is certainly very 
convenient, and a great pity it is that mankind cannot renew 
lost limbs afiter the same fashion. 

The tlow-worm, or hlind-worm, although altogether de 
prived of limbs, is also a lizard. It is bo very brittle that 
one can scarcely touch it without breaking its tail. The glau 
make of the United States is a lizard presenting a similar 
peculiarity. 

37. Serpents. — There are some serpents whose bite, accom- 
panied by the emission of a liquid poison called venom, is 



Fia. 1W.— Hud of Via. I 



always dangerous, and often even mortal : they have been, 
therefore, deservedly called venomous serpents. 

Others do not bit«, but coil themselves tightly around their 
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prey ; such are dangerous only when of very considerable 
size. The boa of South America (Fig. 148), the python 
of Africa, and some other species, are of this class; some 
have been known to attain the length of 36 feet. These enor- 
mous reptiles, by the mere pressure of their tightened folds, 
can kill an ox with the greatest ease, and man is but small 
game to them. 

Our garter-snakes (Fig. 149) are much smaller, and quite 
inoffensive. The snakes of the United States are all of small 
dimensions, the longest rarely attaining a length of 6 feet. 

In Europe but one venomous serpent exists, the viper (Fig. 
150), and it is one of the least dangerous. The venom is a 
liquid that accumulates in a small 
pouch (A, Fig. 151) situated at the 
root of a long and very sharp tooth 
B, through which runs a curved 
canal. When the animal bites, the 
tooth presses on the pouch A, and 
a drop of the venom enters the canal Fxo. isi.— Head of a viper. 
and penetrates with the tooth into ^ P^^,a^^^" **** ^^°''°' *^°" 

the wound. The extraction of this B, tooth very pointed and pierced 

tooth (there is one on each side) Se%S3owB"''**' ^^^""^ 
renders the bite perfectly harmless ; 

and this is how jugglers allow themselves to be bitten by 
deadly serpents to the great amazement of the spectators. 

But the venom of the viper is weak compared to that of 
the homed adder of the African deserts, the fer de lance of 
Martinique, the rattlesnake of our country, or the cobra of 
India. The bite of any of these species is almost always rapidly 
fatal to man. Four venomous serpents exist in the United 
States, the toater-moccasin and harle^in-snake of the South, 
the copperhead, and the rattlesnake. The last is the most 
dangerous ; the end of its tail is provided with curious horny 
rings with which it makes a loud rattling noise when irritated 

Does the boa destroy its victims in the same manner as venomous serpents f Men- 
tion a venomous serpent of Europe. Where does the venom accumulate? What 
peculiarity is there about the pointed tooth of a serpent ? By what means do they 
use the venom? Are there any serpents still more dangerous thnn vipers? What 
venomous serpents are natives of the United States? What effect is produced by 
the venom of serpents? Wliat is said of the cobra of India? 
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or disturbed. The arrangement of the rattlesnake's poison- 
fangs is like that of the viper's. 

The bite of a venomous serpent is rapidly followed by 
fever, great swelling, and even mortification. The venom is 
not poisonous when swallowed, and in case of a serpent-bite, 
if there be no sores about the mouth or lips, the poison should 
be sucked from the wound. 

In the course of the year 1875 the cobra caused the death 
of 26,000 persons in British India. The whole country 
swarms with them. This reptile has no warning rattle like 
that of the rattlesnake, but can stealthily fall upon the 
unwary passer-by. 

SUMMARY.— REPTILES. 

1. Reptiles differ greatly in shape from one another. The group com- 
prises Tortoises, Lizards, and Serpents, 

2. Tortoises (p. 56). — Tortoises and turtles have a homy beak, simi- 
lar to that of birds, four feet, and a carapace, in which their bodies are 
enclosed. 

8. Some of these animals live on the land, some in marshy places and 
fresh water, others in the sea. These last sometimes attain the length of 
six feet. 

4. Lizards (p. 57). — ^The largest of the Lizard family are the croco- 
diles, which sometimes attain the length of twenty-four feet. These ani- 
mals are dangerous to mankind. The alligator much resembles the croco- 
dile. 

5. The chameleon of Algeria can change its color according to circum- 
stances, as it is angry or calm, in full sunlight or in the shade. 

6. Common lizards have very brittle tails, easily separated from the 
body; but these appendices grow again, and attain their primitive di- 
mensions. 

7. Serpents (p. 58). — Some serpents are venomous, others are not so. 

8. Among serpents that have no venom we find the boa of South 
America and the python of Africa. These species sometimes attain the 
great length of thirty-six feet ; they are able to kill even large animals 
by coiling themselves around their victims and thus suffocating them. 

9. The garter-snake of our country is quite harmless. 

10. It is not so with the viper, the water-moccasin, the copperhead, 
and the rattlesnake, whose venom causes fever, great swelling, sometimes 
mortification, and very often death. 

This venom is contained in a sort of pouch or gland situated at the root 
of a long, sharp, hollow tooth. When the animal bites, the tooth presses 
on the pouch, and a drop of venom enters the canal that runs through the 
tooth, and penetrates with the tooth into the wound. 
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IV.— AMPHIBIANS. 

38. Metamorphoses of Amphibians. — We have already 
seen that the animals belonging to this group are aquatic 
when young, and aortal when full-grown. Between these 
two stages of life they undergo remarkable changes in their 
shape, as well as in their mode of life : these changes are 
called metamorphoses. 

The most complete examples of metamorphoses are pre- 
sented by toads (Fig. 152), the common frogs^ and the green 
frogs or tree-frogs. 

You have all certainly seen frogs' eggs (Fig. 153, A), and 
you know that they have no hard shell, but are soft and 





ViQ. 162.— Toad. 



Fio. 163. — ^TranBformation of a fh>g*8 egg. 

A, flnog's egg. B, G, D, tadpoles. 

B, tadpole become frog. F, frog. 



coated in a slimy envelope. After a certain time the egg 
^ves birth to a little black creature B, which in the space of a 
lew days becomes excessively brisk and lively. It grows 
rapidly, and displays a long fish-like tail, with a body and 
head all in one big ball C, D, E. It has no limbs whatever ; 
shortly, however, legs and feet make their appearance, the 
hind ones first. As the legs grow, the tail gradually dimin- 
ishes, until at last the animal is in possession of four full- 
sized legs, and has entirely lost both its tail and its gills, the 
place of these latter being taken by lungs. The tadpole has 
become a frog, or a toad, E, F. Originally aquatic, it has 
become aeriaZ; the grass-eater, or herbivorous creature, has 

What does th% word A mphtbkm mean ? What phenomena do these animals present ? 
What is the first state of the fh>g? What comes out of the egg? What change 
snon takes place in the little animal? How do the feet make their appearance? 
What becomes of the tail ? Explain the different transformations respecting respi- 
lation and food. 



become a jieih-eater, or eamivorow animai. ThiB ia strange 
indeed, and certainly very interesting. 



Flo. lU— TribiD, w Watar-Mewt. Tia, lU,— Saluiiuuln'. 

Other Amphibians undergo lesa complete metamorphoBes. 
The $alaraander of Europe (Fig. 155), for instance, and the 
2H(im (Fig. 154), which we call the waler^newl, retain their 
tail all their life. Some tropical Amphibians are snake-like, 
and have no limbs. 

39. UiefllllieBi o£ Toadl. — Toads do harm only to insects, 
worms, and snails, of which they devour great numbers ; yet 
notwithstanding all this the poor creatures are often cruelly 
and stupidly destroyed. It will undoubtedly not a little aa- 
touish you to leam that great numbers of these useful but 
disregarded animals are sent from Europe to Australia, to 
help keep the gardens free from noxious and destructive 
guests, such as snails, insects, eto. 

Venom of Toad». — But, while I advise you to spare the 
toad, I warn you to avoid touching it. Look at this one (Fig, 
152) which I caught for our lesson, and which I touch only 
with a pair of tonga. This way of handling it is evidently not 
at all to it« taste, and has made it angry. You can see all 
over its back, and especially about its neck, a great many 
little drops of liquid oosing out of its skip. That is venom, 
and is most pemtclout. If a drop of that milky-looking sub- 
stance were te be put under the skin of a fowl it would be suf- 
ficient to kill it. You see it is not to be played with ; but if 
they are not irritated toads can be handled without harm. 

Whit hftIch do louU render Dit Howdoa the tcwl Hcrela Itanuoml Wlwl 
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All Amphibians have more or less venom in their skin. 
If you should happen to rub your eyes after handling a frog, 
you would not fail to feel them smart severely. 

SUMMARY.— AMPHIBIANS. 

1. Ifetamorphotes (p. 61). — Some Amphibians, aquatic when young, 
€ierial when full-grown, undergo changes in form which are called meta- 
morphotet, 

8. When young they are tadpole* ; have a large head, a long tail, but 
no limbs. ' Afterwards they beOome /ro^t or toads ; their tails and gills 
disappear, and they have two pairs of limbs. 

S. Toads secrete a venom, which they cannot, however, inoculate. By 
way of compensation, they render us service by devouring insects, worms, 
and slugs. 

v.— FISHES. 

40. Pishes are exclusively aquatic during their whole Ufe, 
Out of water they inevitably perish, sometimes very rapidly, 
sometimes slowly, according to their species. 

41. Some fishes live in yresA tca/er, others in the sea. Were 
a fresh-water fish to be suddenly plunged into salt water it 
would rapidly die. But if the change were made by degrees, 
and with precaution, it would get accustomed to its new con- 
dition of life. 

This fact explains the faculty that migratory fish have of 
living alternately in fresh and in salt water. The salmon 
(Fig. 164), the sturgeon (Fig. 
156), the great lamprey (Fig. 
168), and the shad, ascend yearly 
from the sea to the rivers, where 
they remain several months and 
deposit their eggs ; the young ones 
go down to the sea after a length fio. 156.— stargeon. 

of time that varies according to 

the species. However, eels go to lay their eggs in sea- 
Are toads the only Amphibians that have venom under their skins? Mention a 
ehaFacteristic peculiar to fishes. Name some fish that go from the seas to the riven 
to spawn. 




water: those kept all their lives in ponds never lay eggs 
at all. 

42. Strnctore of Fishes. — Nothing can be more varied 
than the outward shape of fishes. The most common is that 
of a flattened spindle (Fig. 157); some, such as the eel, re- 
semble serpents (Fig. 158) ; some are flattened sideways, like 
the Jlounder (Fig. 159); others are spread out, like the ikate 
or ray (Fig. 160). 

Almost all of thera have^nj (Fig. 161); that is to say, 
membranes stretched upon bony ridges of greater or less 



hardness and size. These Jins direct the cohtk of the JUk 
through the water; the tail by I'tt motion from right to Uft 



' a' a 

Fis. iel,~Sk«1stoii oT % Eold- 

A, pair of fina, rspreHntlng 

B, piiir af flng, rsprcaeBtlDg 



Tia. 100.— Bay. FlBttened mm back to ftuut 



propels It forward, as jou may observe by looking attentively 
at diis goldfish. 



Dncribe Ihe ludiog locmi of HiliH. Wbat !■ tbe i 



Let us look closely at the other fins. See, there are two 
pairs, the foremost, A, representing 
the arms, the others, B, the legs. 
Others exist on the mid-line of 
the body : one, C, on the back (the 
dorsal fin), one, D, at the tail (the 
caudal fin), the other, E, behind the 
intestinal opening (the anal fin). 

All fishes have yi&, A (Fig. 
162), by which they breathe. You 

can see them, quite red and full ^ShTti^illir, i." 'u"SI!^' 
of blood, on each side of the head, 

OYcrlapped by a sort of flap that regularly and alternately 
opens and shuts. 

43. Commoneat Speoiei. — The kinds of Fah^t are ex- 
tremely namerouB, some thirteen thousand species being 
Icnown to exist. In the fresh water of our country are to he 
found the carp, hoM, rockjwh, eatJUh, roach, etc. ; also the 
pike (Pig. 163), tolmoa (Fig. 164), trout, perch, stickleback, 
eel (Fig. 158), etc. 

Sea-Fiah are much more varied in shape, and also more 
numerous in species, than those of fresh water. 

The fterrings pass the greater part of their lives in the 

deep parts of the northern aeaa. When the milting season 

comes on, they gather together 

in great bands, or shoals, of 

millions and millions, and ap- 



Tto. 1S3.— Ptka. Fmh-woMr fiih. 

proach the shores of Great Britain and France, followed in 
their wake by large fishes, dolphins, and sea-birds that come to 
prey upon them. Man is, however, the great destroyer of the 
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faerring tribe. Whole fleets are laden with the spoil. For- 
tunately, each female herring lajs an immenee number of 
eggB, about 50,000, otherwise the race would soon disappear 
from the seas. 

The gardine, an inhabitant of the Mediterranean Sea and 
the Atlantic, is a sort of small herring that lives in »koah, 
like its bigger relative which we have just spoken of. 

The cod (Fig. 165) is a sea-fish also, and for its capture 
immense fisheries, that employ hundreds of vessels, have 
been oi^nized in the northern seas, 
especially in the waters off New- 
foundland. 

Of the Flatfi»ke», the most fre- 
quently met with on the coasts of 
tne United States is the Jhunder 
(Fig. 159). Some of this group 
ascend rivers for a considerable distance. 

Mackerel (Fig. 157) visit our coasts in great numbers 
during the summer; the tumny-JUh, or Spanish mackerel, 
which, according to Dr. John Davy, has a temperature higher 
than that of the water in which it lives, is sometimes 13 to 
18 feet long. 

One species of the »hark kind (Fig. 166) is not«d above 



Uaulh naim ths h«d. 

all the rest of its race for its great size and its great ferocity. 

WliBl is Ibe nrdinet When liav* En«Ei»d-fl(harJ« been nMillilwd? Wbkta 
IB the mual ferocLoiu o( all BihHr 
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This dreaded sea-monster, sometimes 40 feet long, swallows 
almost everything it meets with ; it destroys enormous num- 
bers of fishes, and could snap off a man's leg as easily as 
you could bite through a bit of apple. For this purpose it 
is provided with a great mouth, situated not at the end of its 
snout, as is the case with other fishes, but under its head, and 
set with several rows of formidable triangular — ^that is, three- 
cornered — ^teeth. The gills have five slits, instead of the one 
existing in ordinary fishes. 

Suppose you were to flatten out a shark, you would have 
an animal very like a skate (Fig. 167). 

The lamprey (Fig. 168) bears great resemblance to the 
eel, but it has no side-fins. On each side of the neck it has 
seven gill-slits, and its mouth is a sort 
of circular opening, which is set with 
sharp teeth, and which it uses as a 
sucker, thereby fixing itself firmly to 

stones, etc. ^^' 168.— lamprey. 

There are a great many other curious fishes that we might 
pass in review, but we must leave sufficient time for the study 
of other subjects. 

SUMMARY.~FISHES. 

1. Fishes (p. 63) are absolutelj aquatic. Out of the water they ineyita- 
blyperish. 

There are fishes that live in the tea only, others that live exclusively in 
/reth water. Certain species migrate from the sea into rivers, and others 
from rivers to the sea. 

2. The form of fishes is extremely varied. Some, the most numerous, 
bear a resemblance to a flattened spindle ; others, such as the eel, are not 
unlike the serpent; some are flattened sideways, like the eole; others are 
flattened from back to front, like the akate. 

3. All fishes have gilU, by which they breathe. Almost all haveyStw. 

4. The most dangerous of fishes is the eharkf which attains at times the 
length of forty feet. It is provided with a great mouth, situated not at 
the point of the snout, but under the head : this mouth is armed with 
several rows of formidable triangular teeth, with which the monster is able 
to snap off the thigh of a man with the greatest ease. 

Where is the ahark^s mouth placed? 



II.-ANNULATES. 

You all remember the meaotDg of the word annulate. The 
bodies of the members of this group seem to be composed of 
a series of rings that are jointed together, although these 
rings are not always very like one another. 

The following are ibe groups into which Anaulates have 
been divided : ImecU, Riders, MiUepecU, Cmttaceam, and 
Worms. 

44. lueota, — First in order we find the INSECTS, that have 
SIX FEET, like this butterfly. Their body ia, as yon can see, 
composed of three parts (Fig. 169), the head A, the thoreoi 
B, and the ahdomen C. The head bears two horns or feelers 
D, 'properly called antenna, and two large eyes, which seem, 
if you examine them with a magnifying-glass, to be out witk 
/aceti, like precious stones (Fig. 170). The six feet are 
borne by the thorax ; and it is the thorax also that bears the 
four wings of our butterfly, and the two wings of yonder fly 
(Fig. 171). AntennsB, limbs, and wings, and all similar or- 



























■^vr, 


>tlT 


A, bind; B. thonm; 0, abrU 



gana, are called append<^ee. None of these being found on 
the abdomen, we therefore say that it has no appendage. 
Many insects undet^ metamorphoses quite as complicated 
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as those of the frog. You have all had occasion to ohserve 
those of the butterfly (Fig. 172). When newly out of the 
egg, it is a tiny caterpillar A, which grows very rapidly and 
casts its skin four times. The fifth time its skin becomes 
thick and hard, and the caterpillar seems to have fallen into a 
deep sleep, after having, in some cases, spun a silky bed, called 
a cocoon, in which it shuts itself up. In this state it takes 





Fio. 172. — Metamorpboses of fhe Batterfly. 
A, GaterpilUr. B, Chrysalis. C, Butterfly. 

the name of chry salts. At the last, the sixth change of skin, 
the chiysstlis bursts and ushers into sunlight a winged but- 
terfly C, ready to lay its eggs. This is what is called a com- 
plete mefumorpho9i4i. 

Grasshoppers also undergo metamorphoses, for the young 
ones have ru) toings when horn, but at each casting of their 
skin the wings gradually grow, and after the sixth change 
the insect attains its perfect state without having passed 
through the deep sleep of the chrysalis, or any such extraor- 






Fio. 173.— Beetle. 



Fio. 174.— Flea 
(magnified). 



Fio. 176.— Bee. 



dinary change as the butterfly has done. This is what is 
called incomplete or partial metamorphosis. Flies, beetles 

Under what form does the butterfly come out of its egg? What becomes of the 
caterpillar at its fifth transformation ? What name is given to it in this state ? What 
becomes of the chrysalis after the s'xth change ? What name is g^ven to these dif- 
ferent changes? What are the metamorphoses of the grasshopper? What name is 
given to these changes ? Name some other insects that pass through a complete meta- 
morpboels. 
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(Fig. 173), JUat (Fig. 1T4), and bees (Fig. 175) undei^ 
complete metamorphoses. Dragmir-flies, ^nob i^'m- 176), 
and bugi (Fig. 177) undergo but partia^l ones. 

The mouth of an insect is not constructed like ours or 
like that of any vertebrate: its jaws or mandibles, instead 
of moving up and down, are placed laterally, and more 




from BIOHT TO LEFT. Look at this beetle ; see its power- 
ful jaws (Fig. 178), which enable it to lay hold of and tear 
to pieces other insects, on which it feeds. This may-bug 



^ 

w 



(Fig. 179), that lives on leaves, has much weaker mandibles. 
Flies have a short hat strong prt/bo»cis B (Fig. 180), well 

^wl tbelu'Bt tbsbng'8? tbe butlacfly'iT 



(Fig. 181), with which diey pierce the skin in o 
the blood of their victim. The butterfly has a long, ooQed- 
vp proboseit (Fig. 182J, which it unrolls and plunges into 
flowers in order to obtain the sweet liquids oontaiued in the 
perfumed caljx. 

The group of InsecU t» the matt numerov* m gpeeiet of 
aU the animal kingdom; their number aimount» to above <me 
hundred and fifty thousand. 

There are very useful species among them, each as the 



f 



Tia. IBS.— PbjUdio 



tUh-worm, the bee, the cochineal-imect, etc.; hut there are 
some very noxious ones, also, such as caterpiUarg, may-hugt, 
gratthoppert, potato-bugt, and many others. 

The most destructive and terrible of all is a so-called plant- 
lonse, a native of America, that was carried across to France 
about twenty years ago. It is called thepki/Uoxera (Fig. 183). 
So tiny is it that one can scarcely discern it with the naked eye. 
/( liveg upon the delicate roots of the vine, which it tucks and 
exhausts so that the much-prized plant pines away for three 
or four years and finally perishes. It multiplies with pro- 
digious rapidity, and millions of these tiny but terrible in- 
vaders are in a short time ready to leave the parent colony, 
and wingless travel on under ground to look out for a new 

MBBtlati tbe lewlliig kinda at inncli. What li Ihs phjIloiermT On vhBl d<w* It 
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home. Besides these, there are also winged (Fig. 184) mem- 
bers of the family, which go forth, borne by the wiad, to lay 
their e^s at a distance. No wonder, then, that oountleae 
legions of phylloKera have already infested the greater part 
of the vineyards in the south of France, notwithstanding the 
active warfare directed against them. 

46. Spiden.— After the Insects we come to Spiders (Fig. 
185). All of these possess eiOHT feet, as I have already 
told you. The head and the thorax ~ 
are blended into one body, to which are 
attached the eight feet. They i 
have wings. 

The spiders, properly so called, have f™. las.-spLdor, h f™C 

head ui4 tooiu blended 




in their mouth relatively large poison-books (Fig. 186), with ■ 
which they puncture, benumb, and kill the insects on which 
they prey. Some species in South America are about the 
sise of a man's thumb, and are able to seize and suck to death 
Uttle birds. The taranhda of the Southwestern United States 
is almost as large as the above-mentioned species, and inflicts 
a bite that is dangerous even to man. 

Most spiders have on the extremity of the abdomen a sort 
of spinning apparattu, from which they draw a very fine but 



How mmj r»t bkie aplden ! Wlut li the nittnre ot (h« brxiki Uwt lh« ■ 
hu at It! meutbT Wbere la tbe ipiDDiac Hpparetiu of the apider pUcedt 
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wonderfully strong thread, and with it many species weave 
artistically complicated webs. This web the spider stretches 
out, then lies in wait for the heedless insects that may happen 
to rush into the snare. As soon as the insect is entangled, 
the spider pounces upon it, benumbs it by puncturing it with 
its venomous weapon, and fetters the prisoner with a winding 
silken thread. 

In warm countries, under stones in dry places, are often 
to be found long-bodied creatures somewhat akin to spiders. 
Their antennad, or feelers, are terminated by strong pincers : 
they spin no thread, and their poison-apparatus is situated at 
the tip of their tail, instead of being in the mouth as is the 
case with spiders. These are scorpions (Fig. 187). Their 
sting occasions severe fever to mankind, and is fatal to small 
animals. 

The loathsome disease known under the name of the itch 
is caused by a very small animal (Fig. 188), a sort of spider^ 
scarcely visible to the naked eye, which burrows under the 
ikin, producing thereby insufferable itching. In former times 
people thought this was caused by impurity of blood, and the 
unfortunate patients were bled and physicked with more zeal 
than success. It has since been ascertained that the only 
cause of this disease is the presence of these minute insects 
under the skin. Sulphur ointment rubbed on the infected 
parts kills the insects and dispels the distemper. You thus 
see how useful science is, even in little things, and how im- 
portant it is to be sufficiently acquainted with one's enemy. 

46. MiUepeds. — The Millepeds and Centipedes, so 
called with exaggeration, have at least 
twenty pairs of feet (Fig. 189). In 
their case the head is distinct from 
the rest of the body. Properly speak- '^«- i89.-Miiieped, 
ing, their body has neither thorax nor abdomen, but consists 
simply of a series of rings, each of which, according to the 
species, bears one or two pairs of legs. Many centipedes are 




What does it produce ? Why do Bpidere apread their webe? By what animal is 
tbe itch produced? To what cause was the itch formerly attributed? How was it 
treated ? How is it now treated ? What are the characteristics of the Uillepeds ? 
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to a certain extent venomous, and produce painftd sores on 
parts of the body over which they have passed. 

47. Cnutaoeans. — All the Articulata with which I have 
hitherto entertained you are aerial and live upon land. On 





Fio. 190.— Crayfish (cnutacean). Fio. 191.— Crab (cmstaoean). 

the contrary, crayfish (Fig. 190), lobsters, crahs (Fig. 191), 
and animals akin to them are almost all aquatic. Because 
of their crusted skins, they are named Orustaceans (from 
the Latin crusta, a crust). Many insects — for example, our 
dragon-flies — are, like the Amphibia, aquatic when young. 
On the other hand, among Crustacea the land-crabs are 
largely, and the wood-lice wholly, air-breathers living on 
land. 

48. Worms. — These animals have no distinct head nor 
armor. No worm-like animals even have jointed legs, but 
some have either bristles, called setse, or suckers^ which serve 
the purpose of legs, viz., locomotion. 

The lumbric, or earth-worm^ is the best known of all. See, 





Fio. 192. — In loss than a year you will Fig. 193. — Sucker of leech (seen 

find two entire worms. from underneath). 

here is one the gardener cut in two when digging in the 
garden. If you put those two halves in a flower-pot, with 
earth kept constantly moist (Fig. 192), in less than a year you 

What difltingulshee worms from insects? What becomes of an earth-worm when 
cut In two and placed in a pot of damp soil f 
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wQl find two whole toorms; a head will have grown on the 
half that had but a tail, while a tail will have grown to the 
half that had none. 

Leeches have a sort of sucker (Fig. 193), by which they 
fix themaelves firmly. The kind used for medical purposes 
have teeth strong enough to pierce the human skin. 

Both worms and leeches are found alike on land and in 
fresh as well as in salt water. Some worms construct either 
earthy or stony tubes, in which they live. 

The wtestinal worms that live in the intestines of the 
greater animals are generally white. Mankind is not exempt 
from their attacks. The most frequently met 
with is the Ascaris lumbricoides, so called on 
account of its resemblance to the earth-worm, 
color, however, excepted. The tsmia, some- 
times called tape-worm, is by no means rare 
either. It looks like a narrow tape divided 
into rings or segments (Fig. 194), and is 
sometimes about 20 yarcls long. At the 
pointed end of the worm one can perceive, ^9- iw.— Taenia 
with the aid of a magniiying-glass, a very duced in size). 
small head A armed with suckers and hooks. 2^^A*heaX 
Mankind and flesh-eating animals are subject The taenia some- 
to having the taenia. ySS long.''*" ^ 

The history of these animals is very curious 
indeed. Each of the ring-shaped divisions of their body is full 
of eggs, and is sooner or later expelled. This expelled division 
dries up; the eggs it contained are liberated and lie scattered 
about. If subsequently a grazing animal happens to pass by 
and swallows, along with the grass it eats, some of those eggs, 
they forthwith begin a new evolution. No sooner does the egg 
reach the animal's stomach than it is hatched, giving birth 
to a tiny creature that manages to pass through the wall of 
the intestine, and chooses an abode in some part of the body; 

How do leeches fix themselveB to the skin? What is the common color of intes* 
tinal worms? What is the scientific name of the worm called tap&^wormf What 
does the tmUa resemble? What length may it reach ? By the help of a magnifying* 
glass what can be seen at the pointed end of the worm ? What becomes of its seg* 
metitBT And when cast out, what becomes of them ? What becomes of one of these 
whvB in the body of a sheep T 
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once housed there, a sort of ball grows out on the extremity 
of its body, and, swelling out, all but hides its head. This 
head is. exactly similar to that of the tasnia. It is these 
balls, when developed under the skin of a pig, that occasion 
a well-known sickness called pigs' measles. The little animal 
will there and thus remain for any length of time ; but were 
a dog, or even a man, to eat raw or insufficiently cooked 
(although smoked and salted) pork containing one or more 
of these globular creatures, the little ball would be digested 
in his stomach, only the head remaining. In a very short 
time, however, a segment would add its length to the head, 
then another and another, and the dog or the poor man would 
be said to have the taenia. 

This is certainly a very complicated way of living, and 
the history of the taenia should show you how very essential 
it is to he careful to eat &idy wholesom/e porky and for further 

s€4mrity to have it perfectly cooked^ for or- 
dinary curing has not much effect on the 
little parojsite. 

In all cases it is prudent to eat w^- 
cooked meat. Some fifty years ago, an 
almost invisible worm was discovered 
which also lives in pig's flesh, and is called 
the trichina (Fig. 195). In Germany it 
''!?: }^:~'A ?*®^ °^ is very common. When trichinized pork, 

tnchinized fl«8h great- . •>.7 tti. i. xj.i- 

ly magnified. At B the imperfectly coofcea, nas been eaten, tne 
buried'^'iS^thr 2X ^^^^^^ creatures, which it contains in great 
stance of the muscle, numbers, lay eggs in the intestines ; when 
Sown lib^rated.^ "*" hatched, the young ones disperse all through 

the body, causing intolerable pain, intense 
fever, and often death. These parasites can do no harm if 
the meat containing them has been thoroughly cooked. 

SUMMARY.— ANNULATES. 

1. The animals comprised in the great group of Annulates seem to be 
formed by a succession of rings or segments jointed together. 

What malady does their presence caune in pigs ? What may happen to a man 
who eats of this bacon when insufiiciently cooked ? What conclusions do you draw 
from this? What else has lately been discovered in the flesh of pigs or swine } 
What happens if this meat is eaten when insuflSciently cooked? 
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Annalates are divided into fnaectt, Spiders, Millepeds, Cnutaceant, and 
Worma, 

2. Insects (p. 68). — Insects all have tix feet. 

8. Some of them undergo metamorphoses more complicated still than 
those of the frog. 

4. The hutierjly, for instance, when newly come out of the egg, is a 
caterpillar. After having several times changed its skin, the caterpillar 
seems to fall asleep, sometimes wraps itself up in a cocoon and becomes a 
chryealia. From this chrysalis issues in time a winged butterfly. Such a 
metamorphosis is said to be complete, 

5. Fliea, heetlea, fleas, and heea undergo complete metamorphoses. 
Graaahoppera, dragon-fliea, gnata, and buga have incomplete metamor- 
phoses. 

6. The group of Insects is the most numerous of all those of the animal 
kingdom: upwards of onb hundred and fiftit thousand species are 
comprised therein. 

7. The phylloxera is an insect almost invisible to the naked eye. It 
lives on the delicate roots of the vine, and sucks them till they are ex- 
hausted. Notwithstanding the war waged against these insects, over one 
million acres of vineyards have already been destroyed by them on the 
Continent of Europe. 

8. Spiders (p. 72). — Spiders have eight legs; near the mouth venom- 
ous hooks exist, with which they benumb and kill the insects on which 
they prey. At the extremity of their abdomen is situated a sort of spin- 
ning apparatus, from which issues a very fine and silky thread with which 
they make their web. 

9. In the south of Europe and in all warm countries creatures somewhat 
akin to spiders are found; these creatures are called acorpiona. Their 
sting, situated at the tip of their tail, can occasion intense fever. 

10. The itch is occasioned by a very tiny sort of spider, scarcely visible 
to the naked eye, which hollows out galleries under the skin, thus giving 
rise to intolerable itching. 

11. Millepeds (p. 73). — The Millepeds, etc., if they have not so many 
as a thousand feet, have certainly a great many. Their body is composed 
of rings. 

12. Crustaceans (p. 74). — Crustaceans (crayfish, crabs, etc.) are almost 
all aquatic animals. Their skin is crusty, whence their name. 

18. Worms (p. 74). — If a worm be cut in two, and left in moist earth, 
in less than a year two complete animals will be found : a head will have 
grown on one half, a tail on the other. 

14. The tape-worm, or txnia, looks like a long tape with ring-shaped 
divisions. Mankind and some animals are often afflicted by the tape- 
worm. 

16. The trichina, a little worm almost invisible to the naked eye, lives in 
pigs' flesh. In order to destroy these trichinae, the pork must be care^ 
fully and completely cooked, 

e 
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I1I.-M0LLUSKS. 

49. The MoLLUSKS are, as we have already seen, soft, 
fleshy animals in which no trace of ring-shaped divisions 
exists, and which in many cases have their bodies enclosed 
in stony shells. 

60. Oasteropods. — Those mollusks having a head and a 
long creeping foot are called heUy-footed, or gasteropodous 
animals. 

The shell of a mail (Fig. 196) is a spirally-coiled tube 
which widens out as it nears the mouth ; the body of the snail 
penetrates into the farthest extremity of its shell. 

Look at this snail ; it is quite at ease ; it stretches itself 
out and pushes forth its head ; it also possesses four horns 
or tentacles, two of which. A, bear minute eyes, and lastly a 





Fro. 196.— Snails. A, horns Fio. 197. —Slugs, 

tenninated by small eyes. 

thick fleshy foot, on which it travels slowly along. If you 
but touch the creature all this will instantaneously be with- 
drawn and hidden in the shell. 

Slugs (Fig. 197) have, like their cousins the snails, a head, 
four horns, and a fleshy foot, but no shell to cover their body. 
In some cases, however, a* rudimentary shell does exist, but 
it is hidden under the skin of the back. The snails and slugs 
are land-animals. Other gasteropods live in fresh water; but 
the marine species are by far the most numerous, and present 
a great variety of forms. 

51. Acephala (a name which means headless). 
The Acephala, oysters (Fig. 198), mussels^ clams j etc., have 
double shells ; they are provided with an upper and an under 
part, called valves, whence the name of bivalves given to them. 
These animals have no head, and are aquatic. 

To what kind of animals do we give the name of MoUasksf Give some examples. 
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Oysters are marine animals, that live in lai^ coloaies 
called bedt: they are filed od the rocks, and cannot move out 
of their place ; muaaela and clams, on the contrary, can move 
about at will. Some live in the sea, 
and some in fresh water, but they are 
of different species. 

The interior lining of the shells of 
bivalves is utilized under the name 
of mother of pearl; it ia often very 
beautiful, and many pretty things are pio_ iss.— Oy.wrg. 

made of it 

When foreign bodies happen to be introduced between the 
animal and its shell, a series of shelly caps are formed around 
them ; upon the capture of the animal these are removed, 
and constitute what are called pearh, which are eagerly 
sought for, and sometimes are of great value. 

62. Cephalopoda. — There exist in the seas, all over the 
world, molluaks that generally have no outward shell : they 
are the octopiu (Fig. 199), cutlkjisk, 
eaiamari/, etc. The nautilat, whose 
pretty shells are often brought home 
by Bwlors from the Indian seas, is a 
cepbalopod, rather different from those , 
I have just mentioned. They are 
strange and hideoua creatures, with a 
lai^e head, two great eyes, and a strong, 
homy beak. Their mouth is sur- 
rounded by eight or ten long arms cov- fiq. iw.-Octopm. 
ered with suckers, somewhat like those 
of the leech, by means of which they lay vigorous bold of 
whatever comes within their reach. When irritated, some 
of them emit a black liquid which darkens the water around 
them, thereby enabling them to escape : this black substance 
is used for artistic purposes, and is called ivpia. 

These animals often grow to an enormous size, and be- 
come dangerous even to man. Some have been known to 

ir Bow ftn purli forgted t WbH[»rs kpowD ugder 
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measure ten yards or more in length, and their arms were 
almost as long as the rest of their body. Men in fishing- 
boats have sometimes been attacked by these marine mon- 
sters, which are frequently called devil-fish. 

All these creatures are so fashioned that their feet sur- 
round the mouth, and they are therefore said to be head- 
footed animals, or cephalopoda. 

IV.— RADIATES. 

53. The animals comprised under the name of Radiates 
or Zoophytes (plant-animals) are of very diversified shape. 
Almost all of them live in salt water. The best-known and 
most common among them are the star-fish (Fig. 200), the 






iTia. 200.— Star-fish. Fio. 201.— Echinus, Fig. 202.— Sea-Anemonea. 

or Sea-Urchin. 

echinus (Fig. 201), or sea-urchin^ the seoraneimme (Fig. 202), 
the medusa (Fig. 203), and the polypus. The body of the 
star-fish is more or less covered with short spines^ such as are 
found to a greater degree in the allied sea-urchin (Fig. 201). 
The sea-anemones (Fig. 202) are widely different in organi- 
zation : their bodies are quite soft and flabby, and they have 
no such spines. They are mostly of fair size and live singly ; 
but some are very small and form great colonies, which are 
united together by a tough coating ; such, for example, are 
the " dead men's fingers" of the French coast. The coatings 
of others, called polypi, form enormous stony masses called 
corcds (Fig. 204), and in the southern seas whole islands of 
this substance are to be found (Fig. 205). 

- ■ ■ ■ ■ ■ ■ ■ T I 

Wbicb are the beet-kuown i»4l»te(f? 



fht jeUy-fishtt, or medutte (Fig. 203), eomewhat resemble 
Uie uiemones in their structure ; t£ej are free swimmers, how- 
erer. 



na. IDS.— HedOM. Tlo. DM.— Agglomgratlan of FDljpl. 

We must not omit to mentJon the Sponge*. Here is a 
sponge prepared for use. It has certainly but little likeness 



to an animal. Yet it was one. Only, when it was a living 
being, all those solid though elastic parts were enveloped iq 
a living substance (Fig. 206). Whai you tee here u, in/ael, 
hut the tkdeton of the tponge. 



nJia 
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54. Infiuoria. — I will now t«ll you Bomething about some 
marvellous creatures moat frequently found in decaying 
itnimal aad vegetable matter. The majority of them are 
known as Infiuoria, but there are others, also, which are 
wonderfully small, yet of no little importance. Look atten- 
tively at this glass of water in which I have steeped some 
bits of old hay. Hold it up between you and the light so as 
to see very distinctly all it contains. You perceive little 
mites of things moving in the water (Fig. 207). The mag- 
nifying^lass will allow you to distingnish them more easily; 
but a microscope would be necessary to see them distinctly. 
Well, these almost imperceptible specks are HuU animaU that 
live there in myriadt; there are in the glass tiny creatures of 
all sorts of shapes. Some are so very small that only the 
highest magnifying powers can disclose their presence; thou- 
sands esist in a drop of water. But where have all these 
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tiny beings come from? That puzzles you. They have 
eome from the hay. And how were they there ? They were 
there dried up, or under the form of eggs. There exist 
creatures akin to these in the almost imperceptible moss on 
the house-tops : quite dried up during tne eummer-time, if 
examined with the microscope they look like little grains 
of green sand. But if a drop of water fall upon them the^ 
unroll their folds, and immediately set out to seek theu 
living. When the water has disappeared or evaporated they 

Wbsreusolben lobe found! Under vUI InBuencida the; nntoll tWtnHlTHT 
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become inert as before, waiting for another shower. These 
are very curious creatures, are they not? And they show 
you that the most interesting and curious creatures are not 
always the largest. We shall find a new proof of this when 
we come to study microscopic vegetation. 

SUMMARY.— MOLLUSKS AND RADIATES. 

1. MoUiuki (p 78). — ^The Molluscan group comprises snails, sings, 
oysters, mussels, outtle-fish, and their allies. 

8. Mother of pearl is obtained from the inner layer of the shell of 
various mollusks. 

8. In some oysters, isolated bits of mother of pearl are formed ; they 
take the shape of tiny and beautiful balls : these are pearls, 

4. Under the title of Radiates a great series of groups is sometimes 
classed, owing to the fact that their bodies are produced into a series of 
raya around a central mouth. Chief among them are the eea-ttars, the 
aea-anemonet, the jelly-Jiehea, and the polypi. Whole islands are some- 
times formed by the agglomerations of these little creatures. 

6. The Sponobs we use are a sort of skeleton formerly enveloped in a 
living substance, 

6. With a microscope one can distinguish in a drop of water in which 
some old hay has been steeped thousands of tiny animals of infinitely 
varied shapes. These are Infusoria. 

7. They existed in a dried state in the hay ; in the water they become 
active and move about. 



SUBJECTS FOR COMPOSITION. 

lit ComDOSition (pp. 7-14). — Differences between animals, plants, and 
minerals. Vertebrates and invertebrates. The four great divisions of the 
animal kingdom. 

2d Composition (pp. 1 5, 1 6).— What characterizes vertebrates ? Warm- 
bloodecl and cold-blooded animals. Characters of Mammalia, of Reptiles, 
of Amphibians, of Fishes. 

8d ComposiUon (p. 17). — Aerial animals, aquatic animals. Amphib- 
ians. 

4th Composition (p. 22).— What shows that a bat is not a bird ? 

6th Composition (pp. 25, 26). — ^The paw of the cat. Its teeth. Ani- 
mals of the cat kind. 

6th Composition, (p. 33). — What is mminatingy or chewing the cud ? 
The principal ruminants. Services rendered by some of them. 

7tn Composition (p. 42). — What shows that a whale is not a fish ? 

8th Composition (p. 45). — General characters of birds. What is there 
in an ^g ? How are eggs hatched ? Artificial incubation. 

9th Composition (pp. 56-58). — What characterises reptiles? The 
three groups of reptiles. What happens to liiards that have lost their 
tails? 
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10th Compotitioii (pp. 58-60).— Venomoas serpents. Tell what you 
know of the venomous serpents that inhabit our country. Where is the 
poison formed ? Mention serpents whose venom is almost immediately 
mortal. Non-venomous serpents. How can these be dangerous ? Are our 
snakes dangerous ? 

nth Compoiition (p. 61). — Metamorphoses of the frog. By what 
organs does tne tadpole breathe? By what organs does the frog breathe? 
The venom of froes and toads. Services rendered by toads. 

18th Compotition (p. 64). — ^The various forms of fishes. Give exam- 
ples. Of what use are the gills ? 

18th Composition (p. 68). — What is the origin of the word annulate f 
Principal divisions. Different kinds of mandibles met with among insects. 
The number of legs they possess. 

14th Compoiition (p. 72). — How many legs has a spider? How do 
spiders kill flies ? The spider-like creature that occasions itch, 

15th Composition (p. 74). — What happens to a worm that has been out 
in two ? The development of tasnia, or tape-worm. The trichina of the 

pig. 

16th Composition (p. 82). — ^What is to be seen in a drop of marsh 
water? 
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Before the English translation of the " First Steps in 
Scientific Knowledge'' appeared, five hundred thousand 
copies of the original had been sold in France within three 
years. Immediately after the appearance of the first English 
edition a second was called for, and the American publishers 
feel confident that the success of the American edition will 
not be less than that of the foreign. 

The American editor has made in the excellent translation 
of Madame Bert only such changes and additions as were 
necessary to Americanize the book, and adapt it to the 
requirements of public and private schools as well as to 
home instruction in this country. 

In the Botany several American species have been substi- 
tuted for others not so well known here, and the classifica- 
tion has been made to conform with that usually adopted in 
the United States. 

In the same manner geological reference has been trans- 
ferred from Europe to North America. 

8 
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II.-PLANTS. 



I. — Structure of our Trees. 



Vbobtablb kingdom, or plants, as they are called, vary 
greatly in form and uie. An oak, a Tose-busli, a blade oi 



grass, are all three of very different dimensions. To ezpre8» 
this we Bay, there are trees (Fig. 1), tkrubi (Fig. 
2), and kerbt (Fig. 3). 

All these plants are clad in green, and we shall 
hereafter see that this coloring is of very great 
importance. You must know, however, that 
there are some plemtt that are not green ; wiusft- 
rooms (Fig. 4), for instance, are red, or brown, or white; the 



yellowish or brownish gray spots to be seen on tbe trunks ol 
trees or on walls are nothing else than the tiny plants called 
lichent. There are also innumerable plants which are clearly 
seen only under our microscopes. 

2. The Differettt Parts of a Plant— But let na leave for 
the time being these exceptional plants, and study carefully 
a common tree. 

See here, in a waste comer of the garden, is a young pear- 
tree that has sprung up of itself, as gardeners say. I shall 




Fia. 5.— wild pur-tree. Voott, k.b.hjb.b ; 

Mconduy' bn'ncheB : f, bnoch of' tb« 
third order. 



pull it up, so that we may examine it together. All of you 
know the different parts of a tree : 1, tbe root A (Fig. 5), 
which is hidden under ground, and whose branchii^ are 
called the lateral roots, b,b,b,b; 2, the stem or trunk C, that 
rises up almost vertically ; 3, the branches, divided into 

Wbfttvs ibe dltfereot paito of a caraman (rwT 
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primary branches D, starting directly from the stem, sec- 
ondary branches E, taking origin from the preceding ones, 
then branches of the third order F, that spring in their turn 
from the secondary branches, and so on ; 4, the LEAVES. 

Let us now examine certain parts closely. Above the 
stalk of each leaf, just in the angle A (Fig. 6), it forms 
with the stem, or with the branch on which it grows, a small 
BUD. This bvd vnU grow and form a new branch. All the 
branches spring thiis/rom whai is called the axilla of a leafy 
and each leaf bears a bud in its axilla. 

You may observe that there are some branches B, usually 
shorter than others, which, instead of grovoing longer, remain 
short and end in a flower bud. These buds will become 
FLOWERS, and these flowers will pass away and give place to 
FRUIT, pears in the present case. 

3. The Stem. — Let us first take the trunk (Fig. 7), and 
cut it across. It is composed, as you can see, of three distinct 
parts. In the centre is the pith A, white and 
soft ; then comes the WOOD B, which is hard ; 
lastly all around you can recognize the bark C, a. 
which is green and tender, and which you can £ 
pull o£F in strips. 

This tree we are now examining is a very ^«- ^ ''• r" *"*• 
young one, it sprang up but last year from the a, the pith, 
roots of an old pear-tree that perished by the ^* the iSIu*.* 
severe cold of the winter; its stem is quite 
slender. But I have here beside me a piece of the trunk of 
the old tree (Fig. 8), which I kept as a curiosity on account 
of its great age. We will compare it with the young stem. 

The first thing to notice is that the old trunk is much larger 
than the young stem, the diameter of the former measuring 
about forty inches. Strange to say, the area occupied by pith 
in the old trunk is no greater than in the young stem. This 
astonishes you, I have no doubt, yet it is always so. In no 
case whatever does the pith grow bigger as the tree grows 



What is to be seen at the axOia of each lenf ? What will arise from the bud ? 
Where do all the branches spring from ? Hare all the branches the same charac^ra ? 
What becomes of these bnds? If the trunk be cut across, what three parts are dis- 
cernible 7 What is to be remarked about the pith of an old tree? 

7 
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aider. As for the bark C, it is no longer green and smooth; 
but has become gray, rugged, and mucn'thicker. The pria- 
oipal difference, however, is in the bulk of the wood B, for it 
alone makes np almost the whole stem, or trunk, as people 
call it when speaking about the stem 
of an old tree. 

Here is a slice of the old trunk 
which I have bad polished. Do you 
gee those kinqs cdl fitHiig exacUy 
into one another f Will yon count 
them ? — " There are ahout 65." — 
Why do you say about 65 ? — " Be- 
cause the rings, very easily counted 
r.0. 8.-T™™™. »«i™ of «««'■/'« piiA. «« 'o ^osely pretsed 
th« Item of ■□ old jwnr-trH. together near the bark that I can 
ereMsiiih ftg?! flTwixS'iIu'ii scarcely disHngiiiih them. How doea 

clrcL» niUdg Inla ana «nother, this happen ?" 

tbc tark, B J 1 -. J, q[1q^ my explanation, and you 

will easily understand wby this hap- 
pens. Eaeh of thete eirdes marks ONE period of growth of 
the wood, and generally one tear of the life (^ the tree (this 
one, theD, would be about sixty-five years of age). Every 
year the tree grows thicker; you understand, of course, th^ 
this growth can only take place outwardly, for were the new 
layer of wood to be formed inside the tree, near the pith, 
all the old wood, being hard, would be split open and torn 
apart The new wood grows between the old wood and the 
l»irk. Each of the circles you see corresponds to a yearly 
layer of wood. 

Now, when the tree was young it grew much faster than 
in its old age ; just as children do ; for you grew much more 
rapidly between four and five, than you will grow from four- 
teen to fifteen. This is why the thicknen of the rings it less 
as they go farther from the centre of the stem ; that is to say, 
as they are of more recent formation. 

Are any other distinctions made between the difiTerent parta 
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of the wood itself? Can you t«ll me ? — " Yes, there ia the 
SAP-WOOD A (Fig. 9), which is soft, and the heart B, which 
is hard, and is found under or within the Bap-wood."— Quit* 
right ', the heart u harder because it w older, 
and a greater quantity of solid matter has been 
deposited there, during a longer period of time, I 
consequently it will give more heat and leave 
a greater quantity of ashes, if used as fiieL ' 

4. The Boot. — So much for the structure 
of the stem. That of the root is similar. ""c^rff'B'^tht'b^ 
There is so little difference between the roots 
and the stem that sometimes, as is the case with the lime-tree, 
the acacia, and the chestnut-tree, for instance, when a part 
of the root is laid bare for any considerable length of time, 
it becomes quite like the stem so far as appearance is con- 
cerned, and may eren give rise to branches. 

fi. BrancllCR. — The way in which the branches stand re- 
lated to the stems is exceedingly varied. Look at the fit' 



no. 10.— HoriiDiitid bnnchH of Fio. II.— Plam-ln 



tree (Fig. 10). It gives off at regular intervals horizontally 
directed branches; on the contrary, ^ia plum-tree (Fig. 11) 

Wbst alia ma; l» otaarnd of tha dlDanoI parU oC Uh woedl 
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branches out in all directions, so that one can scarce follow 
the main stem. Still, whatever aspect the tree may have, the 
item M alway» thicker at the lower parts than at the higher. 
It tapers gradually, and ends almost in a point This is the 
case with all the trees of our country, except a few species of 
palm found in the South. 

6. LeKTei. — Let us now conuder the lbates. Those of 
our pear-tree have stalks A (Pig. 12), or, to use a more scientific 



Bnttarcnn luf, blade Fis. 1G.~Auclft 1«r, Made tIUi canipllcaM 
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B, bud ; P, pstiola of the luf 
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espreauon, each has a petiole. The petiole sapporta an 
outspread greeo part, which ia the leaf properly ao called, — the 
blade, or lamitta. This blade is the moat important part of 
the leaf, and many plants have leaves without stalks. The 
leaf of the pear-tree has a simple blade, while that of the wild 
geranium (Fig. lH) is divided into several parts. The di- 
viuons are complete in this buttercup leaf (Fig. 14), and ex- 
tremely complicated in the leaf of the acacia (Fig. 15). I 
think I heanl some one whisper that each of these green lobes 
a,b,e is by iteelf awhole leaf. I say he is mistaken. Can any 
one tell which of us is right, and why ? Nobody ? Do you not 
remember I already told you that at the oicil of each Uaf a 
Hale had wat to be/ound? and you see in this ease one only 
exists, B ; and it is situated at the axil of the whole leaf. Be- 
sides, if those big petioles were small branches, they would 
not fall in autumn ; and you know that they fall as the leaves. 
7. The Flowen.— And now to the rLOWEBS. The first 
things that meet our eye in the pear blossom (Fig. 16) are 




Fib. IB.— a, B, C D, Fio. 17.— F, O, H, I, J, 

E, peulB. ThsH »ptli. The iggre- 

lu4D t««ther foim ntv of theK fapalt 

the ooroOa. tonoa the aafyx. 

those five little outspread white leaves A, B, C, D, E. They 
are called petals. If we now loot at the under aide of the 
flower (Fig. 17\ we shall see five other leaves F, G, H, I, J, 
much smaller tnan the first, and that have remained green ; 

Wli.f I. >h. .-l.nKAn n.o.. fm- the ileDi of ■ le«f I Whsl Diuna ii given to lbs 
ir Ibe nine ■It4pe I WhM provei llut the iabem In 
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these are called SEPALS. Id the ceotre of the Sower (Fig. 
18) there are a number of little things like bristles, A, ea^ 
finished off by a tiny yellow ball, B ; these are the ttamena; 
they owe their yellow color to a sort of very fine 
dust, that botaniste call pollen. You are all 
aware of the ezistence of this yellow dust, 
and that it can easily be shaken or blown from 
the stamens which bear it. 

We will DOW pluck off the sepals, petals, and 
stamens; I must not, however, omit to men- 
tion that the petals all together form what is 
A. oiJ^^^'b^H called Uie cobolla (Fig. 16), while in the 
rt^iM^md^ same manner the sepals lorm the CALTX (Fig. 
■Je^' iDiKUier 17). We have reduced our pear blossom to a 
cTfl^rarfw l*'"^ *•*'•' ■* (^8 ^^)' sunnointed by five mi- 
■P*^ nut« sulks, B. This ball ie called the ovaet, 
Jji,« JST" or eeed-Tessel, the little stalks are the STTLBS, 
and the ovary and the styles, taken as a whole, 
form what is called the pibtil. 



ns. »}.— A, remum of the dlnppMred iCjIm. Tin. 21.— A, pljM, or Heda. 

8. Fruit. — A very little thing, indeed, is the ovary; if 
spared it will, however, grow big when the calyx, the corolla, 
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and the stamens have fallen away. It will swell out and 
become filled with juic^, at first sour but afterwards sweet ; 
it will, in short, become a pear: the fruit. You can easily 
recognize the ovary a^r its transformation into a pear, for 
on the summit A of the fruit (Fig. 20^ you still find traces 
of the parts that have disappeared ; they have made a little 
hollow right opposite the stalk. 

In this fruit, you know, there are seeds A (Fig. 21), loosely 
hung in small cells. If we cut across the ovary of our pear 
blossom (Fig. 19), we shall see in it verjb small white specks, 
G. These specks, which we can pick out with a pin, are 
called OVULES ; that is to say, lUtle eggs. These tiny things, 
in the course of time, will become the seeds (Fig. 21). 

So a CALYX, a COROLLA, and stamens destined to disap- 
pear, an OVARY which is to become a FRUIT, and ovules thiu 
are to become seeds, such is the composition of a pear blossom, 

9. Imperfect Flowers. — A flower such as that of the pear- 
tree is said to be complete. There are also incomplete ones. 
In some the calyx is wanting, in others the corolla, some- 
times even both, but this is of no great importance. 

I see this astonishes you, and that in your opinion the 
most important parts of the flower are the beautiful petals 
so often decked in gay and brilliant colors. But this is not 
the case. The really important parts of the flower are the 
STAMENS and the ovary ; I should even say the grains of 
POLLEN and the ovules. 

What proves this is that many flowers have neither calyx 
nor corolla. The flower of the hazel-nut, for example, has 
neither, and yet the hazel-tree (Fig. 22) bears fruit, as you 
well know, and that is the principal end of its existence. 
Another pjbof is that you may pluck away the petals and 
sepals of a perfect flower, and by no means hinder the growth 
of the fruit, provided the stamens and the pistil remain un- 
injured. Bvi if you pick off the stamens the ovary wiU not 
develop, or, as horticulturists say, the fruit will not set. 



What becomes of that little ball? What is to be found in the fVuit? What will 
these tiny specka become in the course of time ? Wliat then becomes of each part 
of the pear blossom? Which is the most important part of the flower? What 
happens if you destroy the stamens of a flower? 



This is not all : there are also flowers that do not pos- 
sess both itamea» and pU- 
tiU; some bear Btamens, 
while others bear pistils. 
Such floKers, if hept too 
far from (m« another, re- 
main barren; that is to 
saj, produce no fruit. 
Sometimes both kiods of 
flowers grow upon the tanM 
plant, as is the case with 
the melon, the birch, the 
walnut-tree, the maize, or 
Indian corn (Fig. 23). 
Fio.M.— AMihBWeppinfiWii[o».<>fAm6r- Sometimes each growsupon 
(ftiJSiirtf^tS.™ L^'in Xri"" '^'' a different plant; thisisthe 
case with hops, hemp, wil- 
lows, maples, etc. If these plants are not near enough to each 

Da Kll flonen pcnen both naidena snd piitlUI What luppeiiB ir theM tkiwen 
■n kept fiir apart from iid« another! Whtn are the Iwo kinds of gowen fonnd In 



other they will never bear fruit. See there, on the water's 
edge, that beautiful weeping willow (Fig. 24) ; it ia a native of 
Aaa ; and, as only one kind has been brought to this country, 
the one bearing pistils, nobody ia our part of the world ever 
saw any of its seed, and all the trees of the kind that deco- 
rate our gardens have come front »lip», and bear flowers with 
ovaries that remaio unfruitful. 

10. Seed. — We will now return to our pear blossom, or 
rather to its fruit. It contains pq>t, or geed», which if put 
in the ground will produce pear-tree* simifar to the tree that 
bore them. Let us examine carefully one of these seeds. 
We first meet with a eovermg, or ikin, and within it the seed 
properly so called. As the seed of the pear-tree is too small 
to allow US to see its details with sufficient accuracy, we will 
take a larger one, that of an almond-tree, for instance. 



Fia. SB.— Tbe alaiond la compOMd of 



Ira. SL— CC^eotjltdoMi B, 



The skin once removed, we find two fleshy bodies (C, C, 
Fig, 25), which are very savory, and which mate np almost 
the whole bulk of the almond. Botanists have given them 
the name of teedrleave*, or cotyUdont. I do not like to give 
you those big, ugly Qreek words, but very often it is impos- 
sible to avoid them, 

Wlut to imukkblr ubiiut tlie weeplog willow T Wlwt beconiH of pCjn u]d mti* 
■ban pul Into tbn pvnnd) Whxt may be obwrrtd In tba H«d ot ■ ptarT Wbea 
thaaklDot uilmondliUkeDaway, wbsl lemdut Whit dams do botuiiitiKiis 
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See, I have carefully separated the cotyledons. Do you 
perceive, at the pointed end of the seed, a little body Q? 
Look at it closely, very closely ; %t is really/ a miniatv/re plant. 
One can distinguish, without great difficulty, a tiny root R, 
or radicle (Fig. 26), a minute stalk T, and, on the top, a 
very small bud. And the cotyledons C, C, of what use are 
they? They are simply the first two leaves of the plant. 
Were we to put the little fruit (the almond) in the earth, 
the radicle R would become the root T, and the plumule G 
would grow up to form the plant. As for the cotyledons, 
their history is more complicated, and we will hereafter see 
what becomes of them when we study germiTMOion, 

n. Structure of Palm-TreeB. 

11, We have, in a general way, gone over the history of 
our pear-tree and its fruit. I now wish to examine with you 
another tree, one altogether different from the foregoing, a 
pcUm-tree. Unfortunately, none grow in the northern part 
of this country except in hot-houses. To find one growing 
we should be obliged to go to some warm climate. In the 
Southern States, however, is found the palmetto, which is a 
small kind of palm, and what we shall learn of the palm applies 
also to the palmetto. 

You may ask, But why, then, choose the palm-tree? 
There are in this country many other trees, — ^the oak, elm, 
poplar, etc. Quite true ; but what I have told you concerning 
the pear-tree is applicable to aU those trees, 'Miy^ even to all 
the trees of our country except the palmetto. All these have a 
TRUNK thicker at the base than at the top, — a conical trunk, 
to use the geometrical expression ; all have a ba&k, and 
WOOD harder in the centre, and rings fitting into one an- 
other, and PITH ; their stems all bear branches or twigs, 
which come from buds situated at the axillse of the leaves j 
all of them also bear seeds that have two cotyledons. 

But a palm-tree is altogether different, and it is for that 

What is seen at the pointed end of the seed ? What do yon perceive there ? What 
are the two cotyledons? What wonid happen if we were to put the whole fhiit io 
the ground ? State the general characteristics of the trees of our couutiy. 
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reason I find it neceesarj to tell you abont it. Fortunately, 
I have been able to procure some good engravings that will 
help you to follow my description. 

12. Qoneral ArMot. — Observe in the first place the gen- 
eral appearance of the tree (Fig. 27) ; how different it is 
tnta those of oar forests. 
JVb branchet are to he teen 
along the Irank, and only on 
the top A we find a tuft, of 
leavei, long, strong, and stiff. 
TAe tntnk B iUelf u /nm, 

TOP TO BOTTOU OP EQTTAL 

THIGKNBB8; It is tylijulri- 
eal, not conical. From the 
top, beneath the leaves, 
great bunches of flowers 
hang down. 

This palm-tree is, as you 
may judge by comparing it 
with the Arab passing on 
camel-back, abont forty-five i^"- n.— PUm-tt 
feet high. It is a tall tree, drkao! 
bnt close to it is a young 
one C, not more than nine feet high, although its bunk is 



Jta. £9.— Trnok of |^m- Fio. £9.— Tniiui^ns cut Flo. 30.— LoiirlnidlDII 



_._. _.. of nlm- 

ine, Th« ■art Ludlota 

1m>tm likta blten off. cIh of vood' Biting tha bird, black fli*' 

IdU one uoUitr, no issdU wbkh (It* 

b«k. KraDpfa to Uie trunk. 

WbU dllbnnci 

■ - Inth»lr 

irtcwal Wlat palm [Towi 
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as thick as thai of its elder brother ; strange to say, however 
taU it may grow, it never wiU he thicker than at present. 
This, then, is another great di£Ference between the palm-tree 
and our oaks, elms, apple-trees, etc. 

Look also at the trunk of the palm-tree (Fig. 28). You see 
upon it a series of regular scars. They mark the plaice of 
leaves that have fatten off; only the highest leaves remain. 
These form the luxuriant tuft which is the sole ornament 
of palm-trees. These trees have but one bud or shoot, 
situated on the top of the tree, and ai that point alarve the plant 
grows. There are no side-shoots, hence no branches. 

13. Stem. — Let us now examine this bit of stem cut across 
(Fig. 29). What a strange texture its parts have 1 Here we 
find no pith, no rings of wood fitting into one another, no 
bark. Instead of the regular arrangement we have been ac- 
customed to see, we have here a spongy moM, in which are 
seen an immense number of hard black spots, irregularly ar* 
ranged. 

What can these black spots be ? Li order to ascertain this, 
I have cut the stem of the palm-tree, not across, but length- 
wise, through the middle (Fig. 30). This shows us, running 
through the spongy mass (which more or less resembles the 
pith of our trees), hard black fibres that appeared as black 
spots awhile ago in the transverse section we examined. 
These fibres have a very irregular direction, and seem, at 
first sight, to wander through the soft mass, which they bind 
together. If closely looked at, however, it will be seen that 
they all come from the leaves, run down into the interior of 
the stem, and thence come back to the surface, where they 
disappear. These threads or fibres are nothing else than the 
wood of the palm-tree, which is made up, as you see, in a very 
peculiar fashion. The number of fibres is large enough to 
give the stem sufficient strength to admit of its being used 
as timber. 

What 1b the cause of the scars that may be observed on a palm-tree? How 
many buds are there in the palm-tree? Where is this single bud situated? What 
is found in the palm-tree instead of the pith and the rings of wood fitting into one 
soother? What direction do the fibres take that we see n^nning throngh the inte' 
rior of a palm-tree ? What are these fibres ? 
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m. — Dicotyledonous and Monocotyledonous 

Plants. 

14. There are^ then, between a palm-tree and a poplar, for 
instance, wide differences in appearance and in structure. 
Moreover, while the seed of the poplar and that of other 
trees of similar construction have, as we have already learned, 
TWO COTYLEDONS, the Seed of the palm-tree and that of all 
plants of like structure have but one cotyledon. 

It is, then, quite natural to divide the vegetable kingdom 
into MONOCOTYLEDONOUS plants (from the Greek monos, which 
means one) and dicotyledonous plants (from the Greek dt, 
which means tioo). 

In each group there are both trees and shrubs. 

IV.— Duration of the Life of Plants. 

15. Axmnal, Biennial, Perennial Plants. — The length of 
the life of plants is extremely variable. 

There are some which shoot up in the spring, grow stems 
and leaves, give flowers, fruit, and seed, and then perish at 
the end of the warm season, all in the course of a single year. 
Such are called annual plants. 

Others vegetate during the first year ; that is to say, they 
bear only leaves ; they live through the winter. The second 
year they flower and bear fruit, then they die. These are 
bienmaf plants. 

Annual and biennial plants have but one inflorescence, or 
flowering, and oub fructification. 

Plants are called perennial when they flower several times 
in the course of several years. 

In some the roots alone are perennial, as in the dahlia. 
Every year the knotted root, or tubercle, shoots forth beautiful 
soft stalks that bear flowers, and die in the autumn ; such is 



Wliat fandamental difference is there between the seed of a palm-tree and that of 
one of onr own trees? To what great division do palm-trees belong? What is to be 
obKenred in annual plants? What takes place in biennial plants during the first 
year? During the second year? In what do annuals and biennials agree as regards 
tbeir flowering ? Their ftructification 7 What are perennial plants ? 
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also the case with asparagus, hops, etc. These plants have 
perennial roots and annual stalks. 

The true perennials are the trees and shrubs. They grow 
larger every year ; but none of their aerial parts except the 
leaves die, and year after year new flowers and new fruit 
cover their young branches. Some kinds of trees live to a 
great age, and die only as the result of accident. Trees are 
known that are more than a thousand years old. 

V. — Classification of Plants. 

16. I will now speak to you about the classification of 
plants. This is perhaps more difficult than that of animals, 
because plants resemble one another more closely than animals 
do. Everybody is able to distinguish insects from birds, and, 
among insects, flies from butterflies ; but it is not so easy to 
draw lines of division in the vegetable kingdom. 

Suppose I were to task you with this classification, how 
would you set to work ? — ^^ Why, I should begin by dividing 
them into trees, shrubs, and herbs." — ^Well, that idea has 
occurred to many people ; but see how many difficulties rise 
before you. Pray what limits could you find between the 
three classes ? Where does the group of shrubs end and that 
of trees begin ? and when does a plant merit the name of a 
shrub instead of being numbered among herbs ? Are hazel- 
nuts found on a tree or on a shrub ? Is com a shrub or an 
herb ? The distinctions are not sufficiently definite. What 
do you say? 

" I think I should class plants as annuals, biennials, peren- 
nials by roots, and the true perennials, as you did a little 
while ago." — This is certainly a better plan. But is not 
meadow-grass very like com ? Yet com is annual, while 
meadow-grass is perennial : meadow-grass and com would, 
then, come under two different categories. More than that, 
the oats we cultivate are annuals, while the wild oats that 
grow along the roadsides are perennials. Here again are two 



Some plants are perennial only in the roots ; what takes place regarding th«M 
plants? Which are the typical perennials? 
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yellow buttercups I gathered side by side : one is an annual, 
the other a troublesome perennial weed almost impossible to 
destroy. You see this system is far from being perfect. 

17. Importance of the Characters of Flowers. — After 
long research, botanists have come to the conclusion that the 
best divisions are those founded on the structure of the Jlotoers, 
the JrwU, and the seeds; in a word, all that tends to perpet- 
uate THE SPECIES of the plant. 

This conclusion ought not to surprise you, since you already 
know that the form and structure of the stems of trees whose 
seeds have but one cotyledon differ widely from those of 
trees whose seeds have two cotyledons. 

Thus a series of great groups has been formed, bringing 
together under a common head plants often very different in 
appearances, but hearing floioers having grea^ likeness to one 
another, 

18. The LeguminossB. — I have no doubt that you all know 
the locust, the wistaria, the lentil, the clover, the pea, the 
bean, the kidney-bean, the rattlebox. Some of these plants are 
simple herbs, others are shrubs, others are trees ; there are in 
the number annuals, biennials, perennials ; some creep on the 
ground, some climb, while others stand firm and erect ; some 
have soft leaves, some prickly ones. But if we examine the 
flowers, fruit, and seed of all these plants we shall see that 
they are all formed in the same manner, or very nearly so ; so 
that if we trace the history of any one of these flowers, what 
we say concerning it will be applicable to each and all of 
them ; for they differ but little except in size and color. 

Let us take, for example, a blossom of a common pulse 
(Fig. 31) that grows on the roadside and displays at this 
season thousands of bright yellow flowers. 

You find at first some difficulty in distinguishing the sepals 
D, which are fastened together, the five points alone being 
free. Inside is the coroUa, with its five petals; and very 
unlike one another they are. Here is one. A, much larger 
than the others, and rising almost erect ; beside it are two 

By what characteristics have botanists established a yesetable classification? 
What aspect do the sepals of the common pvlse present? How are the petals ar^ 
xaagcd? 
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smaller ones, BB, one on each side ; lastly, the two remain- 
ing ones, C, are united into something shaped like a boat's 
keel. The stamens E also are peculiarly arranged, as you 





Fio. 31. — ^Flower of a common pulse, side 
view. A, B, G, petals; D, calyx; V, 
■tamena. 



fie. Sa.— The same, ttont Tiew. 
A^B, 0, petals fennlnc tiie 

may see. There are ten in all (Fig. 33) : nine of them are 
united together at the base, one only, F (Fig. 34), being 
free. They thus form a long tube, split open on one side, in 





FiQ. 33. — The ten stamens of a 
common pnlse. 



Fio. 34. — Nine of the stamens are 
united at the base ; one only, F, 
is free. 



which the ovary (Fig. 35) is situated. But the ovary will 
be much more easily examined when it has become a fruit or 

a pod. 

And as the fruit, or pod, of the pulse 
is very like that of the bean, I only 
have to recall this latter to your mem- 
ory. Everybody knows what the pod 
of the bean is like : it looks almost as 
if it were a leaf folded in two, with its edges fastened to- 








Fio. 36.— O, ovary of the 
pulse plant. 



How many stamens hns the flower of the common pulse, and how are they ar- 
ranged? Where is the ovary situated ? 
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gether (Fig. 36). Everybody has also seen, inside the pod, 
il8 edible seeds, called beam. The bean being a large seed, 
you will easily discern the tiny plant between the two fleshy 
cotyledons which envelop it, and which will also serve, as we 
shiul afterwards leam, to nourish it when it begins to sprout. 

And now, after the pulse and the bean, take the flower of 
the pea; examine also its pods and its seeds; 
yon will again find in them the same parte 
similarly arranged. 

The flower of the clover, being smaller, is 
not so easily examined ; but with patience and 
sharp eyes you will be able to convince your- 
selves that it also is of like structure. 

It is quite reasonable, then, to put all these 
plants together in the same class. So, as I 
have already told you, all of them come under 
the general family name of Leouminos.* 
(from the Jjatin kffumen, vegetables, or pot- 
herbs). This name has been chosen because 
many plants of this family are used for culi- 
nary purposes. rm.ae.— pwiofM 

19. The KoaaceEB. — Let us oneo more re- ^(i|IJ!S,"; «,*- 
turn to our pear blogtom, and examine it more uining tbe liuis 
closely even than before, or, bett«r stiil, we will i'w"coi>IliDni. 
substitute for it this wild rose (Fig. 37), which 
is of the same family and has a larger flower. You see it has 
five sepals A united together at the base, and containing first 
five petals B, then a great number of stamens C; lastly, the 
ovary D, hidden within the calyx and adhering to it. Welt, the 
flowersof the blackberry and strawberry, and of peach, almond, 
cherry, and plum trees, etc., are all arranged very much in the 
same manner. Important diiFerences exist only in the ovary, 
and, consequently, in the fruit; for we find among these plants 
which we have just named some that '^^ar fleshy fruit witkpipt 
(pears, apples), others with ttonet (peaches, cherries, plums), 
others with but little flesh, and with keriielg (almonds), etc. 

Whu li to be siieii In thB pod, •rlion the overy he* bemnia ■ (hilt nnder thB (Mm 



Yet on ftocount of the umilftrity of their flowers botoniste have 
olassed all these planU ia the Rosacea familT, bo called be- 
caoBe their flowers have the same structure as uat of the rose. 



no. ST.— WIH Bom. A, mljx i B, owdIIii 0, HMnona ; D, otht- 

This shows the importance of the structure of the fiovser. 
Let us, then, continue to examine some of 
those that bloom in spring, at the same time 
as the pear. 

20. FrimalaoeEB. — See, here is the prim- 

roie, or cowtl^ (Fig. 38), found in abuuaance 

in some of our meadows during spring. You 

see it has five sepals joined together, A, then 

five petals B, also united at their bases so as 

to form a pretty long tube. Let ua cut open 

this tube (Fig. 39) : within it you will see, 

adherent to the side of the tube, five stamens 

C* At the lower end of this tube is situated 

Fio. s».— Yellow "" ovary D (Fig, 40), quite isolated, and 

uow^p (Worn, bearing a long style. This ovary will beixime 

B,ooioifi. a fruit- or seed-case, which when ripe will 

open at the top just like a bos (Fig. 41). 
Along with the primrose have been classed the blue tuid 

• Ths Hotton of the flower being in two fwrts, we oaa show onlj' thr»« 
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the red pimpernel, the star-flower, the water- violet, etc. All 
these flowers form the family of the PRiMULACEiC. 

21. The RanuncalaoesB. — Here is a common buttercup 
(Fig. 42). We find five sepals A, quite separate this time ; 
five petals B, also separate ; a great many stamens (Fig. 43), 





Fra. 39. 
0, stamens; D, ovary. 



Fio. 40. 
D, ovary. 



Fio. 41. 
Fruit of the PimpemeL 




and in the centre a considerable number of small ovaries (Fig. 
44), which will hereafter become so many seed-boxes, each 
containing one seed. The buttercup is the type of the 
family of the Ranunculace^ (from the Latin rana, a 
frog, because found in meadows where frogs are numer- 
ous), to which belong also 
the clematis, anemone, pseony, 
hellebore, etc. 

22. The Liliacea. — Here 
is a stalk of the lily of 
the vaUey (Fig. 45), a flower 
very different from any we 
have yet seen. It has but 
one floral envelop A, which 
looks like a little round bell. 
This bell has on it<s edge six 
notches, which show us that 
there are here six petals 
blended into one, except at 
the very tips. At the bot- 
tom of the bell (Fig. 46) are 
to be seen six stamens and an 
ovary, which will become a 
small, fleshy fruit, properly called a berry. The lily of the 




Fio. 43. Open 
buttercup. 



t 



Fio. 48. — Buttei^ 
cup f Banuncula- 
cesB). A, five sep- 
arate sepals; B, 
five separate pet- 
als. 



Fio. 44. — Ovary 
of buttercup. 
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valley is akin to Solomon's seal, asparagus, onion, garlic, etc. ; 

it belongs to the family of the Liliage^. 
23. ^6 SalicacesB. — The flower I now show you is as 

quiet and dull-looking as possible (Fig. 48) : no brilliant 

colors has it to attract the eye. 
It is the flower of the toiUow, 
the one which bears stamens; 
for, as I have already told you, 
in this plant both kinds of 
flowers (flowers with pistils and 
flowers with stamens) do not 
Bell showing the grow from the same root, but 

ova'i^^Jf *the "P^^ *^® different plants. This 
lily of the Tai- willow flowcr has neither calyx 
^*^* nor corolla, but merely two sta- 

mens A (Fig. 49), situated at the 
base of a sort of little leaf-like 
scale called a bract, B. The wil- 
low, the poplar, and the aspen 
belong to the family of the Sali- 

CAOEiE. 

24. The CompositflB. — ^I shall 
finish this lesson with the exam- 
ination of one of those little daisies (Fig. 52) whose white 




i 



Fio. 45.— Lily 
of the Valley 
(LiliacesB). 



Fio. 47.— Ovary 
of the lily of 
the valley. 




Fio. 48. — Flower and 
stamens of the willow 
(Sallcaceee). 



Fio. 49. 
A, stamens of 
the willow ; 
B, bract. 



Fio. 60. — Flower 
and pistil of the 
willow. 



Fio. 61. 

Ovary of the 

willow. 



flowers adorn our meadows and roadsides, and which, as soon 
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as evening falls, seem to sleep snugly wrapped up in their 
pretty frills all through the dark night, until the warm sun- 
shine awakens them at morn and invites them to unfold 
their wrappings and enjoy the bright and genial rays. I 
will trust you with this examination ; but let me warn you 
that, notwithstanding the modest look of the flower, it will 





Fio. 52. — A daiBy as seen fh)m Fio. 53. — A daisy as seen ftom aboT* 

beneath. (C/ompoeitaa). 

A, crown of small leaves ; B, half florets. 



give you no little trouble. In the first place, how many 
SEPALS A do you find? — "More than twenty." — Indeed I 
and how many petals ? — " If all those white blades B (Fig. 
53) are petals, there are a great many." — ^Well, count them, 
pray, and the stamens and the pistils also. — ^^ Ah ! sir, I am 
altogether bewildered ; the little yellow things (Fig. 54) I 
took to be stamens are certainly something else, for I see 
with your magnifying-glass that each 
has five notches: they look more 
like tiny flowers than anything else 
I know.'* — ^And flowers they are. 
Each of those minute flowers has 
five petals joined together, forming 
a tube (Fig. 55) ; inside are five 
stamens with a pistil which contains an ovule, or tiny seed. 
All this can be seen with a good magnifying-glass. Those 
small flowers are called ^refo. 

The white blades B (Fig 56), which you counted at first as 




Fio. 54. — Section of a daisy. 
G, florets. 
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petals, are also flowers : each blade is composed of five petals 
blended together in a lamel B at the upper end, and forming 

a tube D at the lower. They are 
called half florets. 

Lastly, your so-called sepals 
are merely leaf-like organs called 
bracts^ wreathed around the 
bunch of flowers, just like the 
leaves sometimes put around a 
bouquet. 

The family to which our daisy 

belongs well merits, as you see, 

This is a very numerous and 

To it belong the thoroughwort, 

the aster, the golden-rod, the sunflower, and many others. 

25. Principal Families. — ^We have but few flowers at cor 
disposal at the present time, early spring giving more green 
leaves than flowers. But as others come into bloom we shall 



Fio. 65.— Floret 
of the daisy. 



Fio. 56.— Half 
florets of the 
daisy. 



the name of GoMPOSlTiE. 
extremely varied family. 






Fig. 67.— Papaveraceee 
(Corn-Poppy). 



Fio. 68. — Cnicifene 
(Colza). 



Fio. 59. — CaryophyllaoesB. 



find occasion to examine the principal ones among them, and 
learn their structure, their families, and their names. 

I shall now indicate briefly how we should classify the 
most important plants, those you know best or have heard 
most about. 



PRINCIPAL PAHILIEB. 



We sliall begin with the Dicotyledons. Here are the 
RanunculaiXK, with which jou are already acquainted. Then 



come the Papaveraeem (Fig. 67), among which we find the 
Pompy (in Latin Papaver), the corn-poppy, and their allies. 
Mie OFUci/erm (Fig. 68) (a word which aignifiea crost- 




btarer), thas named because their four petals are arranged in 
th« form of a cross. This is a numerous family, which com- 



prises the wallflower, water-cress, stock, must«rd-pUnt, cab- 
bage, coba, radiah, horseradish, etc. 

The CaryophyVJuxet (Fig. 59), to which belong the carna- 
tion, pinks, Boapwort, catchfl;, common chiekweed, flax, and 
manv others. 

The MedeaeesR (^ig- ^^)i ^^ MaUou! family, to which belong 
the mallow, marshmallow, etc. 

The Le^minaste (Fig- 61), with which you have already 
made aci^uaintauce. 

The Roiacem you also know. 



ria. as.— CompoiiuB rio. es.— GDiDpogiiv ri 

(W type, Vkm]). 2d iTpe, Artkhoks). (1 

The CucuThitaceK (Fig. 62), comprising the cantaloupe, 
watermelon, cucumber, pumpkin, squash, elc. 

The TTmbeUi/erx (Fig- 63), whose flowers are borne npon 
little stalks, all aggregated at the tip of the principal stem, 
and thence branching out, forming what is called an vmhel. 
Among these are classed parsley, angelica, parsnip, carrot, 
chervil, the poisonous hemlock, etc. 

The Ruhiacest, or Madder family (Fig. 64), comprising the 
coffee-plant, cinchona, ipecacuanha, et«., besides madder, whose 
roots furnish a fine red dye, whence the name of the family, 
Rvbiacex (from rvher, the Latin for red). The members of 
this family are natives of tropical countries. 



The Grmpontte (Figa. 65, 60, 67), in which there are three 
types. Some, like the daisy, have a wreath of half florets 
around a disk of florets : such are the marigold, sunflower, 
Jerasaleio artichoke, groundsel, chamomile. Others have 
only floret« : the thistles are of this description, also burdock 
and artichoke. Others have only half florets, like chiccory, 
lettuce, salsify, dandelion. 

The BoroffinoMse (Fig. 68), comprising heliotrope and foi^ 
get-me-not. 

The Solanacex (Fig. 69), among which are placed the po- 
tato, bitt«rsweet, belladonna, henbane, tobacco, thorn-apple. 



ris. S8.— BoncliiMaa Fid. S9.— Solinacew Fia. 70.— ScrophularlncMe 

(BorageJ- (Potato). (rojglovo). 

The ScrophularitKem (Fig. 70), the best known of whici 
are mullein, digitalis, or foxglove, veronica, or speedwell, 
snap-dragon, etc. 

The LabiaUe (Fig. 71), or Mint tribe, which have an almost 
square stem, and comprise mint, sage, thyme, marjoram, balm, 
rosemary, lavender, etc. 

The Ehipkorhiacese. (Fig. 72), comprising the euphorbia, or 
spurge, crot«n, boswood, stillingia, dog's mercury, etc. 

The Urticaceet, or Nettle tribe, including the hemp, hop, fig, 
nettle, mulberry, elm, etc. 
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The Ovpulifefrm, oompriaiiig tlie oak,cheatnnt, walnut, hazel, 
birch, beech, etc. 

The Betuiacex, incladlug the various kinds of birch and 
alder. 

The Com/erx (Fig. 73) (or cone-bearers : ho called on ac- 
Goont of their fruit) : the greater number of these do not lose 
their leaves all at once in the autumn, and therefore merit 
the name of ever^eem. The principal members of this tribe 
are the pioe, fir, larch, cedar, juniper, jew, and cjpress. 

We come now to SioNocoTTLBDONg. 




(PIM). 

When speaking of the Liliacex (p. 27), I showed yon 
that its flower bore bIx notches, there being a union of gix 
floral leaves to form it, instead o{ Jive as with the majority 
of other plants which we had considered up to that time. 
In fact, in moat d^cotyledont the parts of the flower (sepals, 
petals, and stamens) are in seta of five or multiples of five, 
whereas in most monocotykdmu they are in sets of three or 
multiples of three. 

The LUiacea (Fig. 74), or JMy tribe, are plants with bul- 
bous roots, among which are the tulip, garlic, hyacinth, 
onion, shallot, and asparagus. 
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To the Jridacete (Fig. 75) belong the iris, flag, gladiolua, 
safiron. 

The AmarylUdaceet (Fig. 76) eompriBe the narcisBus, jon- 
quil, snow-drop. 

Tlie Orchidacex (Fig. 77) are a very curiona tribe, whose 
flowers have sometimeB very fantastic shapes : among these 
we find orchids and the vanilla. 

The Paimatxte, or Palmfamily, is found only in warm 
climates: it includes the dwarf-palm, rarely more than three 




feet high, the dat«-palm, fhe cocoannt-palm, and the sago- 

The OramituMea (Fig. 79) comprise the cereals ; that is t« 
say, wheat, barley, oats, rye, rice, millet, Indian com ; also the 
sugar-cane, bamboo, couch^^rass, damel-grasa, and the greater 
number of good fodder-grasses. 

The above are among tJie principal groups of flowering 
plants. We shall aflerwards, in the course of some botanical 
ezcursiona in the country, learn further details about the 
form and structure of these flowers, and, in short, their pe- 
culiar characterg. We must, for the time being, content our- 



selves with the foregoing dry nomenclature, which I advise 
yon to copy into your note-hooks. 



VI. — li^owerleee Plants. 

26. There is still a great class of vegetable organisms 
which we have not as yet examined or spoken about. 

All the plants we have passed in review hearfiowen, some- 
timea reduced, it is true, to stamens and pistils. 

There are plants, however, that have no floicen at aU; and, 
although they are perhaps less beautiful than flowering plants, 
they are by no means less interesting. 

87. FeniB. — The first group of these flowerless plants of 
which we shall take notice is that of the Fernb. The 
ferns of our country are small if compared with those found 
in warm climates, where their stems are frequently several 
yards high. No doubt you wonder how it happens that ferns, 
having no flowers, can nevertheless bear seed. Much might 
he said upon this question, for few subjects are more curious, 
or more interesting. I must, however, he content simply to 



HOeSEe, LICHENS, HUSQROOMS, ALOf. 37 

lay before you a fern leaf, gathered from our own woods (Fig. 
80), and Buch as every one of you is acquainted with. See on the 
under side of thia leaf, beneath 
each division, or, as we should 
say, each lobe, those tiny yellow 
Bpeoks ranged in rows (Fig. 81): 
they are aggregates of iporoiv- 
ffui, or spore-cases. 

If you examine them with 
my magnifying-glaes, you will 
see that they contain minute 
bodies (gporon^w), which in 
their turn contain the seeds 
(jpores) of the fern : you can 
imagine that those seeds are 
small indeed. 

28. Kouei, Lichens, Muah- 
rooms, Algie. — After the Ferns, ' 
let us cast a glance at the Mosses 
(Fig. 82). You are all well ac- 
quainted with them, and have 
doubtless observed amidst their 
foliage tiny balls B (Fig. 83), 
borne on long, slender stalks : 
these balls are cases that con- 
tain the seed. 

Next to the Mosses are the Lichens (Fig. 84), of which 1 
have already spoken (page 8). 

Then come the Mushrooms (Fig. 85), so varied in shape, 
in site, and in color. You are aware, of course, that some 
mushrooms are edible, while others are terribly dangerous, 
although in outward appearance they are both much alike. 
It is, then, most prudent to trust only to those culti- 
vated on mushroom-beds, and never to eat those which grow 
wild. 

TruffUt are a sort of mushroom that live under ground. 



' specks [tporOMgU) 




Some mushroom-like oi^anisms are bo ver^ Bmall that they 



cannot be discerned without the help of a microscope. 




na. SS.— Oua conuluins Fio. U.— Uchsn. 



is mould. So also with manj pests of our vinejards and 

fields. All these mushrooms and their allies are termed Fwtgx 

The Alo^ (^ig- ^^) ^^ plants that live in water. Some 



are very curious and very beautiful, especially among those 
that live in the sea. 

This is all I can tell you at present of the natural history 

WbUli mould) Wbit v« tlHi AlpBl 
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of plants. In our walks we shall frequently find occasion to 
gain new information ; and I hope to be able to show you a 
great many of the plants I have mentioned, and probably 
many others besides. 

Now, before leaving the history of plants, I must tell you 
of the existence of very minute beings, so minute indeed 
that it is only with the help of the most powerful microscopes 
that they can be seen, yet which play in nature a most impor- 
tant part. 

You have perhaps heard of dire maladies that kill thou- 
sands of sheep every year, and not sheep only, but also oxen, 
and even men. Many of these are produced by an extraor- 
dinary swarming in the body of little creatures called bac- 
teriay that look like minute glass threads (see Natural His- 
tory). The mere prick of a pin that has been dipped in the 
blood of an animal suffering from one of these diseases would 
be sufficient to cause death to a man. 

Putrefaction also is caused by the development in dead 
bodies of similar little creatures. These tiny brings, and 
many others akin to them, exist in a dry and inert state in 
the dust that floats in the air ; they are everywhere to be 
found, and when they fall upon dead animal or vegetable 
matter they vegetate and grow like grains of com upon arable 
land. 

SUMMARY.— PLANTS. 

1. Difforent Parts of a Plant (p. 8). — An ordinary tree is composed of 
a BOOT, a TRUNK, or stem, branches, leaves, and flowers. 

2. At the axil of each leaf, in the angle that it makes with the branch, 
is found a bud. 

5. This bud, in growing, will produce a new branch. 

4. All branches thus tiJce origin at the axilla of a leaf, and eyery leaf 
bears a hud at its axilla. 

6. Some branches, instead of lengthening out indefinitely, remain short, 
and are terminated by buds. These buds expand into flowers, which 
give birth to the fruit. 

6. The Trunk or Stem (p. 0). — ^The trunk of the trees of our country 
(with the exception of the palmetto) is composed of three parts : in the 
centre is the pith, soft and white; round the pith is the wood, which is 

What are bacteria? What effect would be produced on man by the prick of a pin 
dipped in the blood of an animal afflicted with such a disease? By what cause is 
putrefaction produced? Where do you find these little creatures and many otherp 
akin to them? What is the cause of their derelopment? 
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hard ; and, lastly, surrounding the wood is the bark, which is often green 
on the outside. 

7. The pith does not occupy more space in an old tree than in a young 
one ; in otner words, the pith does not increase as the tree grows older. 

B. The trunk of an old tree cut across presents a great number of circlet 
fitting into one another. 

9. Each of these circles corresponds to one period in the growth of the 
tree. 

10. As the tree grew more rapidly when it was young, the circles near 
the centre of the stem are very distinct from one another ; they become less 
and less so as they get nearer the bark. 

11. As to the wood, we can distinguish between the core in the centre, 
which is harder, because it is older, and because in the course of time a 
solid matter has been deposited there, and the sap-wood (placed between 
the core and the bark), which is softer. 

12. The trunks of our trees taper gradually towards the top, and termi- 
nate in a point : they are conical. 

13. The Branches (p. 11). — Stems give origin to branches in a great 
variety of ways. Sometimes they send out horizontal branches, as in tiie 
fir ; sometimes they branch out in all directions, as in the plum-tree. 

14. The Leaves (p. 12). — Leaves are composed of a stalk, or petiole, 
sometimes wanting, and a green part, or lamina, 

15. This lamina is sometimes simple, as in the leaf of the apple-tree; 
sometimes divided, as in that of the buttercup. It is still further divided 
in the leaf of the acacia. 

16. The Flowers (p. 13). — The flower is composed of sepals, gener- 
ally resembling little green leaves, the aggregate of ,which is called the 
calyx, 

17. Next internal to these come larger leaves, generally colored, which 
form the corolla; they are called petals. 

18. In the centre of the flower you can see little thread-like stalks, at 
the ends of which there are yellow masses: these little stalks are the 
stamens, and the color is produced by a very fine kind of dust called pollen, 

19. In the very centre of the flower there are one or more balls sur- 
mounted by fine stalks. This ball is the ovary, the stalks are the styles, 
and the whole, ovary and styles, is called the pistil. 

20. The Fruit (p. 14). — It is the ovary that in course of time becomes 
the fruit. 

21. In the ovary there are little white masses called ovules : these ovttle» 
will become the pips or grains that you see in the fruit. 

22. Incomplete Flowers (p. 15). — The important parts of the flower are 
the stamens and the ovaries, or rather the pollen-dust and the ovules. 

23. When the stamens of a flower are removed, the development of the 
ovary is completely checked, and the fruit does not knot, 

24. Certain plants bear two kinds of flowers, the one possessing stamens, 
and the other tne pistils (ovaries and styles). 

26. Sometimes tne two kinds of flowers are borne on different plants. 

26. Seeds (p. 17). — If you examine a seed, — a bean, for example, or the 
kernel of an almond, — you find two bodies called cotyledons. 

27. Between the two cotyledons you can see a plant in miniature, in 
which you can distinguish a small root (radicle), and a little stem with a 
tiny BUD at the summit (plumulej. 
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As for the cotyledons, they are the first two leavet. 
89. Stmoture of the Falm-Tree (p. 18). — The trunk of the palm-troe 
is everywhere of the same size : it is eylindricalf and not conical. 

80. The trunk of a young palm-tree is as thick as that of an old one : it 
lengthens, but does not thicken, 

81. In these trees there is only onb bud. It is at the top of the tree, 
at which point the plant grows. There are no buds on the sides, and 
consequently no branches, but simply a large tuft of leaves, stiff and hard, 
placed at the top of the tree. 

82. There is no pith in the trunk, there are no circles of wood fitting into 
one another, and tnere is no bark. 

88. Instead of all this, there is a soft mass, in which may be seen hard 
black fibres, which originate in the leaves and penetrate into the interior 
of the trunk, and then thread their way back to the surface. 

84. The seed of the palm-tree has but one cotyledon. This is the case 
with all plants of similar structure. 

85. DiootyledonouB and Monoootyledonous Plants (p. 21).~PIants 
have been divided into two classes, Monoootyledonous plants, having only 
one cotyledon, and Dicotyledonous, having two cotyleaons. 

86. In each of these classes there are trees, shrubs, and grasses. 

87. Duration of Plant-Life (p. 21). — Some plants shoot in spring, 
flower in summer, and perish in winter : such plants are called annuaU, 

88. Others give leaves the first year, flowers and fruit the second, and 
then die : these are bienniale. 

89. Others flower and give fruit for several successive years : these are 
perennials. True perennial plants are generally shrubs and trees. 

40. Lastly, there are plants perennial in the ROOT only, and annual in 
the stem : such is the dahlia. 

41. Classification of Plants (p. 22). — Plant families have been estab- 
lished by grouping together under the same name all those whose flowers 
bear a great resemblance to one another. We have thus the families of 
the LeguminosXf the Hoaacese, the PrimulacesBf etc. 

42. Plants without Flowers (p. 36). — Some plants have no flowers at 
all. Such are Ferns, whose seeds are borne on the leaves. Mosses, Lichens, 
Fungi, and Algm, 

SUBJECTS FOR COMPOSITION. 

1st Composition (p. 9). — ^The stem. The pith; the place it occupies In 
the trunks of young trees, in those of old trees. What is implied by the 
rings of wood. Core and sap-wood. 

2d Composition (p. 12). — Leaves. What is seen at the axils of the 
leaves. Simple leaves, complex leaves. 

8d Composition (p. 13). — Flowers. The different parts of a flower. 
What the ovary becomes. 

4t]L Composition (p. 18). — Palm-trees. Their trunk. Their leaves. 
Their seed. 

5th Composition (p. 21). — Duration of plant-life. 

6tlL Composition (p. 24). — What may be seen in a bean. 

9 
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STONES. 

29. Now tliat we have acquired some knowledge of ani- 
mals and plants, we must set to work and learn something 
of the GROUND or soil on which we tread, and of the stones, 
or, more properly speaking, the minerals, of which it is formed. 
You will see that here also there is much interesting knowl- 
edge to be acquired. 

30. Different Constittients of the Soil. — Of course you 
all know that soil is composed of many different constituents. 
You are able, I am sure, to recognize arable landj — ^that is, 
earth which is tilled, and in which seeds are sown and plants 
cultivated ; also stones, dispersed all through the soil, now in 
small fragments, again in great masses called rocks; and 
sand, in reality composed of very small stones ; again, cla^, 
a sort of earth easily wrought, kneaded, and moulded, which 
retains water in its hollows, being what is called impermea^ 
hU, and which, when baked, becomes hard, so 
that, from ancient times until now, dishes and all 
sorts of pottery have been made with it. Lastly, 
all of you have no doubt seen or heard of pretty, 
regularly-shaped stones, having what are called 
angles, edges, faces, which stones are called fio. 87. 
cry«<a& (Fig. 87)., AcryBtai. 

As we know what a classification is, we can see that thii» 
is already a pretty good beginning. Only we have learned 
not to depend on appearance alone. Let us, then, set to work 
and look closely and attentively at all these things. 

3L Aotion of Acids upon Stones. — Here is a bit of 

Wbat are the different coustituents of the soil ? 

43 
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CHALK that I plunge into a glass of strong vinegar (Fig. 
88). Tiny bubbles of air (gas is a more appropriate word) 
immediately ooze out of the stone and rise to the surface of the 
liquid, which thus seems to boil. Now that I have stirred the 
contents of the glass with a bit of stick, you can see that the 
chalk has entirely disappeared : it has dissolved, just as a 
bit of sugar would have done. We shall find the explanation 
of this in another lesson, when we come to study chemistry ; 
we have verified the fact, and that will do for to-day. 

I will now put into the vinegar 21, bit of limestone, similar 

to that with which houses are sometimes built : hard as this 

stone is, it also gives off a gas and dissolves as the soft chalk 

did. Marble would be acted upon in just the same manner. 

Now, if I put a lump of clay (Fig. 89) into the vinegar, 

the result will be altogether different: 

scarcely any gas will be set at liberty, the 

clay will spread itself out at the bottom of 

the vessel, and will remain there perfectly 

intact. 

^ Here is, this time, a bit of flint, also 

F 88 F 89 * PEBBLE I found in the bed of the river, 

The action of acids on which the Water had washed down from 

chalk ' diasoivOT *?n ^ome mountain-rock, also an agate marble : 

vinegar; in B, a upon these the Vinegar has no effect a^ all, 

mains Sitact ° '^ <^wy more than pure water would have. 

Vinegar contains an a^d, and it is the 
acid that dissolved the chalk or the limestone ; but the vinegar 
contains also much water, so that the acid is not strong. 

We will now repeat the experiment with a very strong acid 
that bums and destroys almost everything, sulphuric add, 
often called oil of vitriol. 

With great care, I take a drop of it on the end of a glass 
rod and let it fall upon the chalk. See the rapid discharge 
of gas, or effervescence, as chemists call it. 

Another drop upon this bit of marble, so beautifully pol- 

What happens when a piece of chalk is put into strong vinegar? Under the same 
circumstances what would take place with a small piece of stone used for bnilding ? 
Marble? A piece of clay? A bit of flint? A small pebble? An agate marble? If 
Instead of vinegar very strong sulphuric acid were employed, what effect would it 
have upon the chalk ? What on the marble 7 




CALCABEOtIS AND BILICIOUB STONES. 45 

iebed and seemiDgly so hard : the effect is the same. This 
should teach you, by the way, never tj) leave upon marble an 
orange or a bit of apple or any other acid diing, else the 
marble would be very rapidly corroded. 

But upon CLAT, FLINT, the PEBBLE, or the AGATE, (A« Sut 
pkuric acid hai not the elig/Uesl effect; the dTiypa we let /all 
upon them remain jTttfe ttill, and occasion no effervescence. 

There exist, then, two kinds of stones : 1. Thoxe that die- 
tolve in addg, giving off gas; 2. Thote that are not affected 
by acids. 

32. CaloareoDB and Silioiou Stones. — Chtdk, limestone, 

and marble are caMed CALCAREOUS STONES. When strongly 
heated in furnaces constructed for the purpose and called lime- 
kilns (Fig. 90), they become Kme (in Latin CALX, whence 
their name). Besides, whatever 
be their hardness, they are never 
BO hard as steel, nor even as iron. 
TherefoTe a knife, or even a naU, 
com alwags make a tcratch on 
tkem. On the contrary, flint and 
all stones akin to it, agates, eW., 
contain no lime, and undergo no 
alteration by fire. Moreover, they 
are so eitrcmely hard that the 
point of a knife has no effect upon 
them, while they, on the contrary, 
if they have a sharp edge, can 

cut marks even upon steel. Also ,„ Ba-Lim.-kiid. Wh*n mi«- 
if they are struck violently and "o" ■bum «« mijecioa to & 
sharply against a bit of steel, on ta!n>foi?iieii1n'itr(fait." "' "" 
the back of a knife, for example, 

a fragment of steel is detached, and is heated red-hot by 
the force of the blow ; this heated fragment makes a epark. 
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Long ago, and yet not so very long ago, this property was 
applied to kindling fire (Fig. 91), — striking fire, as people used 
to call it. For this purpose tinder was prepared by partially 
burning linen rags, so as to catch the spark resulting from 
the blow. The tinder took fire as soon as the spark fell 
upon it. The same principle was applied to guns (Fig. 92), 
the spark in like manner setting fire to the gunpowder. AU 




TiQ. 91.— Flint and tinder. The shock of 
the flint A against the steel B detaches a 
fhtgDient of the steel, which becomes red- 
hoC ftQd is known under the name of a 
spark : it sets fire to the tinder. 



Fio. 92.— Lock of a gun. 
It is the spark that in- 
flames the powder. 



these extremely hard stones are SILIOA, or rather SILICIOUS 
STONES. There exist a good many of them, and some are 
very beautiful, rare, and precious. We shall afterwards have 
occasion to speak about these. 

Sandstone, which is merely grains of sand stuck together 
or agglomerated^ as it is called, is sometimes slightly calcor 
reous^ sometimes entirely sUidous. This last variety, on ac- 
count of its hardness, which causes even steel to be worn 
away by it, is used to make whetstones. 

The stones and lava thrown from volcanoes are sUicious, 
33. Plaster, Slate, Clay. — Here is a kind of stone which, 
although not very common, is very useful indeed. See how 
soft and yielding it is. I can scratch marks on it with my 
finger-nail. Yet a drop of acid has no efifect upon it. If 
exposed to a strong heat (Fig. 93), it is reduced to a fine 
white powder, which you all recognize immediately: it is 

PLASTER. 



By what name are these hard stones known ? Does the division adopt«d for stones 
apply equally to sandstone? What io the nature of volcanic lava? What effect 
have acids on plaster? What is the action of fire on this material? 
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The atone is called Gypsum. Great quarries of it exist 
near Paris ; and for this reason the plaster it affords is some- 
times called ^^oster of FarU. 

A fine^iramed, very compact sort of gypsum, called aiabcu- 

ler, is found in Italy, where great numbers of statuett«s are 

cut from it (Fig. 94). It is 

usually whit«, but sometimes is 

yellowish, reddish, or gray. 

Slate (Fig. 95) is well known 
to everybody; its hardness is 



about equal to that of calcareous stones; that is to say, 
scratfibes can be made on it with a knife. The finger-nail 
cannot mark it, and acids have no effect upon it. 

Clay is, as everybody knows, hoti and easily moulded into 
any shape, yet acids have no effect upon it. 

Limeatone, Sanditone, Oypimti, Slate, and Clay are the 

most useful stones, or at least the most vsefulfor you to ktww 

34. Stony ]fixtlireB.^-You must not, however, imagine 
that the rocks are always pure in their composition, or that 
they are distinct one from another. On the contrary, calca- 
Teou* rock* generally contain some clay, while clay contains 
more or less calcareous matter. For inetance, there is a well- 

Whit nuna li liisn K> pluWr? What nune 1> gl^n to a rery fine tort of gyp- 
tlM prtiicl|«l kiDdl of ilogt*. Am calcurwui tochi and clay 8lw»y« pure! 
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known rock called marl (Fig. 96), which is composed of 
ealcareoua matter mixed with a large proportion of clai/. It 



no. 06,— Tha marl Ibiit 



ft luga proportlaD 



cliy. 



ia, in fact, for this reason that frost breaks it up so easily, 

and allows the rain to dilute and mix it with the soil, to 

which it is applied as a fertilizer, 

What is known by the name of vegetable mould, or 

ABABLE SOIL, IS Only a mixtrtre of different kinds of stones 
reduced to fine powder and mingled with 
animal and vegetable matter. See, here 
is some garden-mould quite freed from 
atones. Let us wash it carefully by 
shaking it gently under the tap of the 
water-cask (Fig. 97). The wat«r that 
runs off is muddy and dirty ; it carries 
along with it a quantity of blackish 
matter. At last, by dint of shaking, 
nothing remains but some very fine 
and tolerably clean sand in the bottom 
of the glass. We will now add a little 
sulphuric acid. Immediately efferves- 
cence ensues, and this indicates the ores' 
enoe of calcareous matter. Everything 
has settled down again, and you see 
in the glass a good deal of sand. This we 



vegetable »U I 




diuiild, or ui 



there still 




CBYBTALS. 49 

can affirm ia composed exclueively of grains of tilica and day 

35. Crystals. — Minerals, as I have already told you, 
often assume the form of 
what are called ckystals. 
There are, for example, coZ- 
cafeov* crystals and »ilicwvM 
ones. Gypsum is often found 
crystallized in a spear-head 
shape (Fig. 98). Crystals of 
carbonate of lime (Fig. 99) 
are of no value. One day a ris. es. 
poor countryman came, almost ^Jj^^ 
mad with joy, to tell me he 

had discovered a mine of diamonds. His diamonds were 
simply some calcareous crystals that lined the interiorof a large 
hollow stone. Grreat was bis grief when I told him what his 
treasure really was, nor would 
he entirely believe me until I 
showed him that with my knife 
I ea»ly cut marks upon them. 

One of the most interesting 
among crystalline calcareous 
rocks is the white and beautiful 
g((t/i«irymar4?e (Fig. 100). A 
broken fragment of this marble 
looks just like a bit of lump- 
sngar: in fact, like lump-sugar, ,„. nw-M.r- Fio.ioi.-Enorm™ 

, , ~ !\y , , , , Jtrdin d« PlsDl» 

blage of tiny crystals closely of Pwis. 

interlaced. 

SUicitrnt cryitiih are much prized on account of their 
great hardness, which enables them to cut marks upon glass, 
while it prevents them from being dulled like calcareous 
crystals. 

UndM'what form an mlneiali oflen found T Doca the dlrUoD Adapted for ■Uidm 
•pplj bI» to crjnulit What l> the raluB of cryaUla of oirboDate of llms! Name 
an InHrMllOK ial(Moou« crjMaUine mck. Wty u* illjclaiu crystlB more Boughl 
after tbao calcareoue crjat«4f 
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One of the most common in quartz, or rock crgital (Fig. 

101), sometimes found in crystals as large as a man's head. 

Other rarer crystals, of more brilliant aspect 

and still harder than quartz, are found only in 

small crystals, and are eagerly and carefully 

sought out, and cut with facets to serve as jewels. 

eThey are called PRECIOUS 8TOME8: ruhtei 
(red), gappkires (blue), emeroAfa (green), topazm 
(yellow), amethysts (violet). 
Fio. 102.— Df«- Before pasaing on to more useful matters, I 
miHt 'cat. ™'>s*' t«ll you something about diamonds (Fig. 
i)i™.™d.^«, 102). 

^^ cai^n. ' ^he diamond is the most beautiful of all crys- 
tals, the most brilliant and the hardest; it can 
cut glass or engrave upon all other crystals. Being the most 



Fia. 103.— Bolt tnUBb, nbera nit la obtalued by tli« srapantlon of Hfr-nta. 

precious, it is of course also the most expensive : a diamond 
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weighing 15 grains is worth at least a thousand dollars. And 
yet it is not a stone ; it in no wise partakes of the chemical 
nature of other minerals. It is pure crystallized carbon, 
which is the scientific name for charcoal. This is an aston- 
ishing and almost incredible fact, on which we shall acquire 
some further information in our lessons on chemistry. 

For the time being, keep in mind this one fact : a diataond 
can be burned jiut like coal, only it requires a, stronger heat. 

All the above-mentioned crystals are very beautiful indeed, 
but of little real use. Others, on the contrary, are of very 
great utility ; such as talf, for instance, our common kitchen 
salt. 

A great quantity of the salt we use is obtained by the 
evaporation of sea-water, in 

SALT UABSHES (Fig. 103). 

But this is not the only way 
in which this indispensable 
article is procured. Immense 
crystallized masses of it are 
found in the earth (Fig. 104) : 
it then takes the name of 

ROCK-BALT. 

The most important salt- 
mine in the world is that of 
Wieliczkain Poland; in this 
mine, 600 feet under ground, I 
made : this will give you somi 
portance. 

36. Cryatallutv Booka. — Crystals are not always isolated. 
They are sometimes collected tt^ther in masses considerable 
enough to form stones and even rocks. 

Qban[te (Fig. 105) is formed in this manner. All of 
you, I am sure, have seen granite. It is composed of three 
sorts of crystals interwoven together, — namely, quartz, of 
which we have already spoken, felspar, and mica. 



liles of galleries have been 
: idea of its extent and im- 



Ii th* dUmi: 



IS (be thnt klnda of crrilols of wl 



■lllcloiur WliM 1i Ihd diunond ) Hunr do you pron 
Nuns H ctyalnl lev hapdKma thuo llie pncvdini 
-'■- ' If Ii nit found on& In wv 
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Mica also ie something with which most of you are fa- 
miliar. In Bome countries the sea washes it ashore in such 
quantities that it is gathered and 
sold for next to nothing under the 

rname of gold powder, which is used 
to dry up ink instead of blotting- 
paper. See, I have some here : it 
looks like a great many thin and 
brilliant spangles of gold. Some- 
Fio. los.— Fnwmadtof griniie, times this same substance is found in 
iui° mioi! "'"•*•" '**''' sheets large and transparent enough 
to be used, in certain countries, as 
window-panes. Because heat does not crack it, it is used in 
the doors of stoves. 

Felspab (Fig. 106) is leas spoken about. Tt is, not- 
withstanding, of no small importance. Often it decomposes 
and crumbles into dust. This dust, carried away and washed 
by the rain, becomes what is called kaolin, from which por- 
celain is manufactured. Kaolin is only perfectly pure clay. 

There exist a great number of rocks more or less akin t^ 
granite. Those best known among them are the porphyries, 



Fla. 106.~7Tsnnent at relip4r. whteh. on- Fro. lOT.— rragment 

composed of the crystals of felspar set in a fine paste of fel< 
spar, like almonds in an almond-cake, and BASALTS (Fig. 
107), of volcanic origin. 

We have now passed in review the principal rocks and 
stones, hard, soft, crystalline, or otherwise. But we cannot 

WLeie ig mien fiignd? WliHtlailune wllk Itl Wliat becomca orfelipu when de. 
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leave the history of things found in the crust of the earth 
without saying a few words about uetals and coal. 

37. Ketals and CoaJ. — Metalb are generally found in 
the form of ore ; that is to say, mingled with other bodies. 
Although sometimes found on the surface of the ground, 
they are generally more or leas deeply buried, necessitating 



the hollowing oat of mittet for their diacoyery and extraction. 
The ore exists in the earth sometimes in pretty large masses, 
sometimes in veinb (Fig. 108), which the miner must care- 
fully follow up, aa one 
would follow the pipe of 
a stove in order to : 
move the soot. 

It happens at times 
that rocks containing ore 
crumble to pieces from 
the effects of frost and 
rain, and then are rol 
away aDd broken up by 
torrents and rivers. The 
metal, being heavy, /aUs 
to the bottom in deep pools and quiet nooks. This is why 
gold is often found in the former beds, as well as in the 
actual channels, of certain rivers. 



When m mstali (bund, uil in 
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Goal is the residue of vtat forests buried in the earth 
during an immense number of years. Those forests were 
composed mostly of enormous ferns (Fig- 109) and trees some- 
what akin to our firs. In order to get the coal out of the 
depths of the eartK you know that great pita called miites are 
dug, aud subterranean galleries are made (Fig, 110). 

The TURF or peat in formation at the present day ii very 
young coal not yet buried. The plants of which it is com- 
posed are still recognizable. 



ROCKS. 

Cakareovt itoTtes, elayt, elates, siliciovi atonet, are not found 
mingled together in a hap-hasard fashion in the soil on which 
we tread. No ; you already know that this is not the case. 

And before proceeding further I must ac<]uaint you with 

the fact that the term rock is applied by mineralogists not 

only to the stony matter familiarly called rock, but also to 

all the massive mineral 



substances which com- 
pose the crust of the 
earth, be they as soft aa 
clay,a3ea8ily broken as 
chalk, orashard as flint. 
38. In one of our 
recent walks we went 
to visit the quarry on 
the hill-side. You may 
F.o.iii.-A»^^^n^«Ty^ A.«i»™««o«i remember I pointed 
out to you the lowest 
part of the excavation, A (Fig. Ill), formed of caJcareoui 
ttoiie, commonly called limestone, of which the village is built. 
Above these we saw a layer B of clay which supplies material 
for tile- and brick-works. And lastly, upon the top, there was 
a layer G of sand, bestrewn with pebbles like those you find 
in the river at the foot of the bill. 
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The neighboring hill is composed of three superposed layers, 
— namely, calcareous rock, argillaceous rock, and sandy toU. 

39. Bedt or layers. — As we made a pretty long visit to the 
c&loareoua or limestone quarry, I called your attention to the 
fact that the blocks of etone were arranged with perfect re^ 
laritv, one up&n another, just as if some giant had carefully 
piled them up. From place to place I showed you hori- 
zontal bands separating layers of stow, slightly differing from 
one another in color and hardness. In other words, I made 
you observe that the quarry was formed of several regidar^/ 
nepexposed STRATA. 

In climbing the steep road cut on the slope of the hill we 
passed the precise spot where the calcareous strata ended 
and the layer of clay began. There, also, we saw that the 
Ime of separation wa» at straight and level as the lines which 
divided the different strata in the stone-quarry. 

Now, what do you think could have brought such a col- 
leciian of stones there, and how does it happen that they 
are so neatly and so regularly arranged? 

40. Kariiie Org^aniBms in Bocks. — The question cer- 
ttunly appears a very difficult one. But here is something 
that wUl help us to find an answer. 

The owner of the quarry gave us 
some fossilized shells, and those of 
you who went climbing about every- 
where found here and there great 
numbers of them ; these are shells 
changed into stone. 

Let UH examine these shells (f ig- 
112). At a glance we can detect 
their resemblance to common oysters. 
And oysters, as you well know, live 
in sea-W8t«r. Hence the conclusion jm. iia— Faiii nyjian. 
that the sea once lay above our quarry ; 
that these oysters lived in it, as those of our days live on 
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the rocks under the waves; that after the death of these 
oysters, slimy mud and sand of a calcareous nature were de- 
posited on their shells ; and that after all this a time came when 
the sea disappeared, when the mvd, sand, and shells stuck to- 
gether in the proce^ of drying^ and formed thus the calcareous 
stone we have now before us. Things cannot be explained 
otherwise. Moreover, it has been proved that the like is now 
going on in several places on the sea-shore. 

41. Apparent Movements of the Sea; Movements of 
the Ground. — But, you may ask, how can it be that the sea, 
which is far off at the present day, should have at one time 
covered with its waves a great part of our hill, and risen so 
far above its present level ? And again, if it once was there, 
how is it that it has so completely disappeared ? 

There are only two ways of explaining this. 

The first would be to suppose that there was at one time 
much more water in the sea than there is now, and that its 
level was therefore higher than at present. And yet that 
would not suffice, for marine shells are found in the Alps and 
Pyrenees at more than 9000 feet above the level of the sea. 
And again, if this were the case, what could have become of 
such an immense quantity of water ? Could it have evapo- 
rated into the air ? The firmament would not suffice to hold 
so many clouds. Could it have sunk into the earth ? We 
shall hereafter see that it is far too warm for water to re- 
main there. This cannot, then, be the real solution. 

The second explanation would lead us to suppose that it 
is the BOTTOM of the sea that has been heaved up so as to 
EMERGE OUT OF THE WATER, which latter has changed place 
without diminishing in quantity. 

Which of the two explanations do you prefer? — " I see that 
the first will not do. And for the second, I cannot see how 
it could do either. The earth is so solid ! Papa, who has 
been on the sea, says that the water is constantly in motion ; 
while on dry land everything is quite still and steady." — Well, 
let me tell you that the dry land is not so still nor so steady 

What becomes of the mud, sand, and stones when consolidated in a mass? How 
do yon explain the occnrrence of marine shells at the present day cousidentbly above 
the level of the sea? 
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as jon imagine. True, its moTemeat is so slow that we do 
not feel it But \t rixes here and/aUa there, caid in eotn^ flacei 
it rue* arid /alls aitemaiely. 

Obvious proofs of this ex- 
ist at the sea-side in varioas 
places. At Poiauoli(Fig.ll3), 
in Italy, the Romans built a 
temple on the sea-shore. The 
ground having subaequentlj 
sank, the sea invad^ the 
temple long enough to allow 
marine shells to burrow into 
the columns some yards above 
the pavement. Since then the 
ground has agun risen, and 
at the present day the traces 
of the marine shells are at a 

considerable height above the f,, ,13 _ ^^ „ ., p„^,_ ,„ 
water. Tbe same phenomenon lui)-- b, murfin bertne iirnb. lo- 

- . 1 ' 1 11- dlmtlniB' thfet tlia sanh btd one* 

13 taking place slowly in our .unkwthi. depth b.io* the**. 
days on several ooasts. The 

coast of Norway, for instance, is sinking gradually, while that 
of Sweden is emerging more and more, and the Baltic is 
becoming shallower. 
Landmarks made on 
the Swedish coast by 
the celebrated natu- 
ralist Linnseus at 
the beginning of the 
eighteenth century, 
show that this up- 
heaval raises that 
coast about four feet 
in the course of a 

century. There is nothing surprising, then, in the fact that 
the bottom of the sea should have been many feet above its 



Fio. 114 — Th« «« ooTerlng the oononr ftoni A 
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actual level. Many centuries have passed away since thai 
time. But txnluriet, which to ua seem so long, are but mo- 
menta when compared to the immense periods of the past. 

In short, science makes us sure at the present da; that 
the second explanation is the true one. The sea came this 
far formerly, covering 
all the surrounding 
country from A to 
B (Rg. 114), and 
depositing regularly 
and slowly its mate- 
rial held in suspen- 
sion and ita shells. 
Afterwards the bot- 
tom of the sea was 
upheaved, and A'B" (Fig. 11&), with all its solid sediments, 
became dry land. Do you understand now? 

42. Differenoea between the Saperpoaed Strata. — But 
why is it that the limestone-beds are not alike from top to 
bottom of the quarry, and that there are, as you told us, lev- 
eral ttrataf It u very prohnble that during thu upriging of 
the bottom of the »ea (Ae rivert and carretUi did not altoayt 
hring along toith them the same kind of viatter, and did not 
'^oiit their gedimeats in the iatae place. For we can our- 
selves observe similar though 
smaller changes where the 
waves deposit alternately on 
the same part of the seashore 
fine sand and large pebbles. 
43. Fosiilt. — More than 

this. During the IMMENSE 
LENGTH OF TIME that this up- 
Pia. 118.-4 few Kmlil heaving contiimed, even the na- 

ture of ardmait has changed. 
In the same place, but at a different height, the species, or 
rather their remains, are not alike. In our quarry we find 



BsnoD la prodOMd 
iw requind Tut tbna utdrnTsti? 
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not odIj oysterB but aim many other kinds of marine moUus- 
can shdls (Fig. 116^. Now, in the upper strata these fosbilb, 
as they are c^ed, differ notahlj from those found in the lower. 

44. B«al Siviuoiu of Stratified Rocki.— We must, then, 
divide snch rocks not otdy aecordin^ to the nature of their 
component Ktonei, but also, and egpeeiaUy, according lo the 
nature of the FOSSILS found in them. For at sea-side places, 
at no. great distance from one another, sometimes clayey sub- 
stances are to be met with, sometimes calcareous deposits. 
Only, the inhabitants being the same, the shells are so also, 
and would form the same kinds of fossils. Thus, on the op- 
podte side of the valley there is sand containing fossils ex- 
actly the same as those found in the npper strata of our 

Suarry. We may hence conclude that tbey were deposited 
lere AT THE SAME period, generally speaking, as those we 
found in the stone-quarry. 

45. Canaes of the HovementB of the Oronnd. — And, now, 
does this satisfy you ? Is there anything else that puzzles 
jou ?— " Yes, there is."— Ah ! what now ?— " Well, I should 
like to know what can move and heave up the earth so. It 
must be very heavy, and 

require enormous strength." 
— Ah ! this is really difficult 
to answer. And the most 
learned know but little on 
the siibj ect, and have been re- 
duced to make suppositions. 
It M more than probable 
that the caute which thus 

ffendy aiui ilowly upJieavei no. iiT.— Xuthqniiks. 

the cnul of the earth m the 

tame at that which occationB from time to <im« EARTHQUAKES 
(Fig. 117) Ml tome part* of the world. In 1881 one of these 
t«rnble commotions destroyed a town in the island of Ohio, 
and killed a great many of its inhabitants. In August, 1886, 
Charleston, South Carolina, was almost destroyed in the same 

What una li ili«o to tha pelrilled ranulu ot uinikli during tfacw diflennl 
nrloda! HowinfMi«ki.lbfl^b«clwlfl*d) Wl»t li tha aw ll»t DukH tb> 
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manner. The dry land in such circumstances is about as 
much in motion as the heaving seas. 

Earthquaket are egpeciaUy common wi the vicinUg of vcA- 
canoet, — in South and Central America, for instance, also 
in Asia Minor and the south of Europe. The neighboring 
volcano generally breaks out into eruption simultaneonsly 
with an earthquake (Fig. 118). 

You have all seen a kettle-lid jump up and down when the 

wat«r boils too quickly. Well, it seems as if the earthquake 

were the leaps of 



the escaping of the 
steam , carry ing with 
it what happens to 
be inside. Only it 
is on a lai^r scale. 
And then it is not 
B little boiling water 
that is expelled, bat 
' immense stones that 



Fio. K.8.— Tolcuio numnuln (Vfauviaa) in amptlon. melted bV the great 

heat of the volcano. 
The lava-streams flow slowly over the ground, covering up 
and destroying everything they meet. 

Some volcanoes now extinct vomited lavas different fVom 
those thrown up by voloanoes now in activity. Those lavas 
are called bcualls and trachytes. The different kinds of por- 
phi/ry have also been brought up out of the very bowels of 
the earth, and more or less spread out on the surface. 

46. Igneous and Aqneona Itooki.— -In short, you see, 
from what I have just been telling you, that there are two 
sortB of rocks : 1. Rociea or soils formied by taater, or koCkb 
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OF AQUEOUS ORIGIN (from the Latin aqua^ water) ; 2. Rocks 
formed hy matter brought to a state of fuJsion by a very high 
temperature, or rocks of igneous origin (Latin, tgnis, fire). 

47. Salt-Water Kecks, and Fresh-Water Bocks. — ^Among 
the rocks of aqueous origin, some have been deposited by sea- 
water, others by fresh water from large lakes. They can be 
distinguished from one another by the fossils they contain, 
rhose found in the former resemble more or less the marine 
animals still in existence ; while those of the latter are like 
fresh-water shells and fishes. There are also the remains of 
land-animals. 

When an animal dies upon land it becomes putrefied, and 
in a short time nothing remains but the bones. These in 
their turn, attacked by insects, water, air, frost, and the heat 
of the sun, decay, and in no great time disappear also. If, 
on the contrary, the dead body be carried away by a river so 
as to fall into the deep and tranquil water of a lake, it sinks 
to the bottom and is covered up with mud ; its bones becom>e 
mineralized (turned into stone), and remain as FOSSILS when 
the waters of the lake disappear. This can also happen in 
sea-water, but not so readily, on account of the constant mo- 
tion of the waves, etc. 

Therefore, it is especially in fresh-water rocks that the re- 
mains of terrestrial mamimalia, of birds, and of reptiles are 
found. 

It is easy to understand that no fossils are found in igne- 
ous rocks, since these have been thrown from the burning 
depths of the earth. 

48. Order of Superposition of Books. — ^People who study 
the history of the earth, and who are called Geologists 
(from the Greek, g^, earth ; logos, study), have distinguished, 
by the eocamination of fossils, a great number of strata, to 
which they have given names, and which they have classed 
according to their relative ages. 

When one rock covers another, it is certain that the upper 
is of more recent form>ation. 

What distinctioii is made between rocks of aqueous origin ? In what class of rocks 
are fosrils found ? In what class of rocks are fossilB never found f By what means 
have geologistB classified the different strata? 
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Now, rocks lie in regular strata, like learee of books piled 
one on another. The oldest known of these rocks are crystal- 
line, and contain no fossils (Fig. 119, A, B). 



CrjatalllM nek*, 



Above these come rock*, vndovbtedly depotited by water, 
in which are to be found the remains of organisms of the 
animal and vegetable kingdoms. 

The more tmcient the loUt are, the greater are the difference* 
between the animal* whoge remaint are found m them aad 
those that people the earth at the present day. 

In those feds immediately above the ancient crystalline 
rooks, but few fossils are to be found, and those met with 
belong to the lowest groups of the animal kingdom. Then, 
as the strata rise one over anather,and as we near the present 
epoch, the animals appear more and more highly organized. 
Monkeys and men are of quite recent date. 

Let us understand each other, however: " recent" in regard 
to geological epochs they certainly are ; that is to say, they 
appeared last. But if we wished to count by years, centu- 
ries, thousands of years, the length of time since man existed 
on the earth, we should find the task too great and the length 
of time incalculahle. And in geology it is always thus. 
One can say this rock is of more recent formation than the 
one under it, and more ancient than that which is above ; 
but at what epoch it was formed, and how long a time its 

What it tliB nnll al Uw utiqulty of radu, u fu u Ibe ulEul ipsdH la cob- 
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fonufUion lasted, so one can tell. There are some limestoneH 
composed of shells so very small that the naked eje cannot 
discern them, millions of tJiese shells existing in a cubic inch. 
Yet these rocks are in beds hundreds of yards thick : think, 
Uien, how many centuries must have rolled by during the 
formation of such a deposit I 

49. Ftinoipal Eormatioiu. — Thus, it is in the most re- 
cently formed rocks, which you will find designated in books 
under the name of Quatebnart rocks, that for the first 
dme remans of man or traces of human industry are found. 




And a very poor industry this at first was. Man in those 
times lived wild, in caves along river-banks, ronghly hewing 
eilicions st«nea for weapons. 

He had to battle, even on what is now European ground, 
with el^hanlt, mammot/u (Fig, 120), rhinoceroseg, timers, and 
gigantic bean. Naked and almost unarmed as he was, he 

In wbat Tocki m tniDd hnnHin nnwiiu wid trtctt or hniuan Indnitrj t 
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slew them and made food of their flesh, utiliziag even their 
booes for the manufacture of various utensils. All this took 
place thousands of years before history existed to record his 
life, his struggles, and his victorieB. 

In the earlier, or Tertiaky epoch, the end of which saw 
mon&^i appear, perhaps even man, there were in Europe 
very hii^ lakea of freah wat«r, upon the shores of which 



'^ 



an ufl). fngmeDt of Pull rock. 

lived namberB of Mammalia, widely different from those 
known in our day (Fig. 121). The French naturalist Cuvior 
first gathered together and studied their bones, and thereby 
was enabled to describe animals that had Uved in those far- 
distant times. 

It is on tertiary soil that London and Paris are built; and 
in this great numbers of fognl thdk (Fig. 122) are to be 
found, similar to those existing at the present day in brackish 
and salt water. 

During the epoch that preceded this, namely, the Sbgond- 
ARY period, great parts of England and France were covered 



Tin. 113.— lefathjtMiiriu (medluai alfs, twenty fMl). 

by the sea. At that time there lived in its waters moUiaikt, 
fishet, and repHles anknown in our days, — the finned reptile 
called ichtkyonaunu (Fig. 123), for instance, which was not 

WbM epoch piewdeil the qualamuy epochl What epoch preceded the tattler? 
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unlike a whale. The remains of very few terrestrial animals 
have been handed down to us through these centuries, but 
strange are the few that we know. Here is a flying reptile, 
something like a bat, the pterodactyl (Fig. 124). Only one 
bird of that remote period is known, and it had teeth and a 
long jointed tail like a lizard. 

More ancient still than the preceding are the Primary 
rocks, C, of which the most important for you to learn about 
are those containing coal: they are called 
coal-measures. At this epoch great for- 
ests covering wide extents of ground were 
buried, so to speak, under water, and there 
slowly transformed into coal. Coal is 
very widely distributed throughout the 
United States, Pennsylvania supplying 
the greater portion, and nearly all the an- fio. 124. — Pterodactyl 
thracite, or hard coal. The principal (rf" of a pigeon), 
coal-mines in England are those of Newcastle and South 
Wales ; in France, those of St. Etienne in the Department 
of the Loire, and those of the Department of the Nord, which 
last are in the vicinity of the great Belgian mines. Almost 
everywhere coal must be brought up from great depths, as 
the coal-measures are often covered by the secondary and 
even tertiary strata. The coal-measures of the United States 
are not generally so deep as those of England. Slates occur 
usually among rocks still older than the coal-measures. 

This is all Uiat need be said on this subject for the present 
course of lessons. I hope you have properly understood all 
I have told you, so I shall review rapidly. 

First, there are the very ancient crystoMiie rocks, B, super- 
posed in regular layers ; then rocks of aqueous formation, — 
primary y secondary, tertiary; lastly, the qtuUemary rocks, 
which make a category apart, and on which much might be 
said. 

50. Changes in fhe Hap of North Amerioa. — ^If I have 
made myself clearly understood, you should be convinced 



What epoch preceded the seooudary epoch? In what order do the different rocks 
■ttooeed one another, beginning with the moet ancient 7 
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that Hnoe the origin of the world the aspect of tlie earth has 
undergone marvelloUB changes. Oceans hate taken the place 
of what Via», iu motl categ, dry land ; artd what u dry land 
nowadai/i vxu, in motl ea*e*, the bottom of oceans tAot hove 
been upheaved. 

Practically, all North America haa been submei^ed once 
or several times; the sea encroacheB here, recedes there, and 
sometimes reinvades regions that had fonuetly been lifted 
above its level. I here show yoa two maps that indicate 



na.125.— HivorNortbAnerlcadiiiliis Fio. lie.— HmorNortb AmericailDring 

thfl Socanduj Apoeb. Ib« T«rtlU7 apocb. 

Thv «lill«twr11o» npnHDt diy ]*Dd| the Btaiuleil poTtiou re^vHOI nbmvged puts. 

the state of land and water in North America during the 
secondary (Fig, 125J and tertiary epochs (Fig. 126). 

51. Is there Anything under Uls Ancient Cryatallina 
Sooksl — And, now, has any one any other obaervations to 
submit, or any other question to astc ? What do yoa wish to 
say? 

" Please, do the crystalline rocks go to the very bottom of 
the earth, or is there anything under them ?" 

Ah I yon ask me qneatjons that are hard to answer. What 
there is under these ancient rocks no one ever was able to see, 
as I have already told you. But the volcanoes seem to reach 
very far down into the earth, and the lavas they throw out 
undoubtedly come from enormous deptbs. 

In that case, the interior of the earth would he lava. — 



Hu (be Mllb ■■ 
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" But the lava is fearfully hot : how is it that it does not heat 
all the earth so as to scorch our feet ? And how does it come 
to he so very hot?" 

52. Central Heat and the Crust of the Earth.— Well, 
follow attentively what I am going to tell you. . When a deep 
hole is made in the ground, the deeper it is made the grecUer 
the heat is ai the bottom. 

In a mine 3000 feet in depth it has heen ascertained that 
the iThcrease of heat was one degree Fahrenheit in 55 feet. 
That makes 54 degrees for 3000 feet. If the same progres- 
sion continued thus for 300,000 feet, the temperature would 
attain 5400 degrees. This is far more than is necessary to 
melt lava, granite, etc. Serious investigations and study lead 
to the helief that matter in a state of fusion would begin at 
the depth of 150,000 feet, were not the pressure so great as to 
prevent acttuil melting. 

Now, geography has already taught you, and we will study 
this question also, that the earth is a globe whose diameter 
measures about 8000 miles. You see, then, that this globe is 
almost entirely in a highly heated state, with but a comparar 
tivdy thin cold crust oM around, which crust does not repre- 
sent more than the hundredth part of the total thickness of 
the globe. This is much less in proportion than the thickness 
of an orange-skin compared to the orange. 

The term " crust of the earth" is, indeed, applied only to 
that part of which geologists have accurate knowledge. 

53. Some Explanations of the Changes that the Earth 
has Undergone. — It iis very certain that there was a time 
when our earth was a ball of melted matter, still luminous, 
somewhat like red-hot iron. Gradually the earth grew cooler 
by turning and rolling through space, the materials became 
more compact, and a first crust was formed, composed perhaps 
of granite and crystalline rocks. When this crust by the 
progress of cooling grew thick enough to prevent the surface 
from being burning hot, water was formed, and became seas 
and oceans, and, the heat diminishing still more, living beings 

Is the temperature of the earth the same at the bottom of a deep mine as it is on 
the sarfaoe ? In what proportions does the heat augment ? Beckoning thus, what 
would be tlie temperature at a depth of 900,000 feet? 
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appeared. These oceans driven hither and thither on the sur- 
face of the globe by the movements of the terrestrial crust, 
thinner and less solid than it is now, deposited the rocks of 
which I have spoken to you, s^nd with them their fossil con- 
tents. 

The same thing continues to this day, but with less energy 
and activity as the thickness of the crust increases. 

During those periods long passed away, great movements 
took place in the ground, — upheavals, depressions, fractures, 
or rents. In mountainous countries the strata, deposited 
quite flat by the sea, were sometimes upraised to an almost 
vertical position. The interior of the earth has, notwith- 
standing the crust, always been in communication with the 
outer parts. Melted matter has been thrown out, and is so 
still from time to time. At first it was great quantities 
of matter, such as the porphyries^ that came to the surface 
through the thin crust they broke open. At a later period 
volcanoes threw out basalt, and nowadays they eject lava. 

This is the history of our earth. It is no fiction, in which 
imagination and invention play the first parts, as they have 
so often done in similar circumstances, but real history, of 
which science is as sure as it is possible to be about things 
no eye has seen, and on which one can but reason. 

SUMMARY.— ROCKS. 

1. Diflbrent Kinds of Stones (p. 44). — Stones may be roughly divided 
into two classes : 1. Stones that dissolve in aoids, giving off gas; 2. Stones 
that remain unchanged by acids. 

8. The former, among which are to be numbered chalk, limeaUmef and 
marble, are designated by the name of calcareous stones, because 
when submitted to a very high temperature they become lime (in Latin 
eabc), 

8. The latter, the principal type of which iajlint, are for the greater part 
SILICA, or rather silicious stones. They resist the action of fire, and are 
extremely hard. 

4. Clay is numbered among silicious stones. 

6. Stony Mixtures (p. 47). — The different kinds of stone are frequently 
mingled together. 

6. Marl is a caleareom stone in which exists a large proportion of 
elav. 

7. Arable soil is a mixture of animal and vegetable remains, tiny cal- 
eareoue stones, grains of ailex, and clay dust. 
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8. Crygtalline Stonei (p. 49). — Minerals are frequently seen ander the 
form of crystals. There are calcareous orystals and siliciom crystals. 

9. Calcareous orystals, as well as gypsum orystals, are of little value, be- 
cause, being oomparatively soft, they are easily scratched and tarnished. 

10. Silicious orystals are much prized in such forms as quartz or rock- 
crystal, which is not very rare, and precious stones (rubies, sapphires, etc.). 

11. The DIAMOND, the most beautiful of all gems, is not a stone : it is pure 
and crystallised carbon. 

18. Crystalline Books (pp. 49 and 51). — Crystals are sometimes agglom- 
erated, forming stones and even rocks. 

18. The GRANITE upheaved from the bowels of the earth is composed of 
three kinds of crystals, — quartz, felspar (which gives ibao^tn), and mica (of 
which the so-called gold powder is made). 

14. PoRPHTRT, which is also of igneous origin, is composed of crystals 
of felspar set in a fine paste of felspar. 

16. The BASALT, of igneous origin, was projected from volcanoes, just as 
lavas are now thrown out of volcanoes still in action. 

16. Metals and Coal (p. 53). — Metals are found under ground, where 
they form veins. 

17. Coal is the residue of vast forests buried during an immense num- 
ber of centuries. 

18. Peat is a sort of very young coal, as yet unburied. 

19. Books (p. 54). — The limestones, the days, the slates, and the sand- 
stones are not all mixed together. They are disposed more or less regularly 
in layers or strata, 

80. These layers, with the fossils they contain, have enabled us to es- 
tablish a classification of the different rocks or soils. 

81. In the first place we must distinguish : 1. The rooks of igneous 
{ignis, fire) origin ; 2. The rocks of aqueous {aqua, water) origin. 

88. The rocks of igneous origin have been formed by matter in fusion 
at a very high temperature, thrown up from the depths of the earth. 
They comprise granite, porphyries, basalts, and other lay as. No 
fossils are found in them. 

83. The rocks of aqueous origin have been deposited by the water of the 
SEA, and also by fresh water. We distinguish among them : 

1. The Primary rocks, above ancient crystalline rocks. During this 
period great forests that covered the ground were submerged and slowly 
transformed into coal, 

2, The Secondary rooks, superposed on the primary ones. In those 
days the sea covered a great part of our country. Reptiles unknown to 
our epoch (ichthyosaurus and pterodactyl) have left their remains in the 
deposits then formed. 

B. The Tertiary rocks. During this period there lived a great number 
of mammalia very different from any existing at the present day. 

4. The Quaternary rocks, in which, for the first time, human remains 
or traces of man's industry are to be met with, remains that were deposited 
on the soil of our country long before history began. 

84« XoYoments of the Soil (p. 56). — The ground is ever in motion, 
continually being upheaved in one place and sinking in another, but so 
very slowly that the movement is imperceptible. 

86. Things have always been going on thus. Therefore the distribution 
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of land and water on the surface of the glohe has undergone many great 
modifications. 

86. Under the influence of pressure exerted from within, analogous to 
that which gives rise to earthquakes at the present day, the bottom of the 
sea has been upraised in certain places, thrusting off in all directions the 
water the uplifted bed could no longer contain. In other places the soil 
that emerg^ from the waters sank down, and was covered by the waves. 

27. But what an immense length of time rolled by during these changes ! 
Centuries, that look so long, are but as minutes compared with^these enor- 
mous periods. 

28. In our days similar phenomena are taking place on the coasts of 
Norway and Sweden : the Swedish coast is sinking, while that of Norway 
is rising ; the Baltic is becoming more and more shallow. 

29. Central Heat and the Crnst of the Olobe (p. 67). — When a very 
deep hole is made in the earth, it has been remarked that the temperature 
gains at least one degree of heat every time the hole has been deepened 55 
feet. So at the depth of 300,00Q feet the temperature would reach 5400 
degrees Fahrenheit. This is more than would be necessary to melt lava, 
porphyry, etc. 

80. This leads to the conclusion that the whole earth is, internally, in 
a highly-heated state, and that the comparatively cool crust upon which 
we dwell is, in proportion, much less than the thickness of an orange-skin 
relatively to the orange. 

SUBJECTS FOR COMPOSITION. 

let CompOBition (p. 45). — Calcareous stones and silicious stones. Ac- 
tion of acids on both. Gypsum. Slate. 

2d Composition (p. 48). — Composition of arable ground. 

8d Composition (p. 49). — Calcareous crystals and silicious crystals. 
The diamond. 

4tli Composition (p. 51). — ^Granite. Porphyry. Basalt. 

6th Composition (p. 53). — Metals. Coal. 

6th Composition (p. 60). — Aqueous rocks and igneous rocks. The order 
in which the former are superposed. 

7th Composition (p. 61).— Fossils to be found in the different strata. 

8th Composition (pp. 58 and 67). — Movements of the ground. Central 
heat and the crust of the earth. Changes in the distribution of land and 
water. 
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PEEFACE. 



Before the English translation of the " First Steps in 
Scientific Knowledge" appeared, five hundred thousand 
copies of the original had been sold in France within three 
years. Immediately after the appearance of the first English 
edition a second was called for, and the American publishers 
feel confident that the success of the American edition will 
not be less than that of the foreign. 

The American editor has made in the excellent translation 
of Madame Bert only such changes and additions as were 
necessary to Americanize the book, and adapt it to the 
requirements of public and private schools as well as to 
home instruction in this country. 

The alterations in the Physics and Chemistry are confined 
to certain corrections and more elementary forms of expres- 
sion, and do not extend to the subject-matter of the original 
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IV.-PHYSICS. 

L We will to-day begin the study of the physical 
8GIENCES. Under this name are comprised Physics, Chem- 
istnfy and Physiology, These sciences are very important, 
extremely interesting and curious, and at the same time very 
different from all that we have hitherto studied. 

As in the pursuit of these sciences experimental inves- 
tigation is frequently necessary, they are sometimes called 

EXPERIMENTAL SCIENCES. 

2. Observatiomi and Bxperiments. — The first thing I 

must explain is what is meant by the word experiment. See, 
here is a bit of wood. I throw it into the water. Thereby 
I learn that it floats, and the fact that it does so leads me 
naturally to the conclusion that the bit of wood must be 
lighter than water. I then fix weights to it and take note of 
the quantity I must add to make it sink and be as heavy as 
water. This is an expefnmevU, Again, I put the wood in the 
fire ; there you see it bums, gives off flame, smoke, and, if not 
allowed to be completely consumed, it leaves charcoal. This 
also is an experiment, 

8. Physical Experiments and Chemical Experiments. — 

The chip of wood I threw into the water a little while ago, 
when taken out and dried, regained its first condition ; noth- 
ing was changed in its composition. This is an example of a 
physical experiment. But now that it is burned to charcoal 
there are no means of restoring it to its original condition ; 

What ti the cbancter of physical experimento ? 
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and yet it has not been destroyed, for were we to weigh the 
charcoal, the smoke, and something else I shall tell you about 
afterwards, we could find the exact weight of the bit of wood ; 
but the nature of the wood is totally changed. We have this 
time made a chemical experiment. 

Now let me see if you have perfectly understood what I 
have been telling you. There, I put some salt in this glass 
of water (Fig. 1). What will be the result?—" The salt will 
melt away." — Say, rather, it will dissolve : the expression is 
more correct. But, tell me, have I made a chemical or a 
physical experiment? — " A chemical experiment; for the salt 
has disappeared." — No : think again : the salt has not really 





Fio. 1. — The Bait has not disappeared Fio. 2.— Iron diMolred in Bulphnrio 

in the water: it has only changed acid becomes another body, snl- 

its appearance, for it can be found phate of iron, nnder the form 

again by evaporating the water. of ^reen crystals. (Chemical ez- 

(Physical experiment.) penment.) 

disappeared : it has onfy changed its appearance. The proof 
of this is that the water has the taste of salt ; moreover, if we 
pour the contents of the glass into a plate, and put the plate 
on the stove, the water will evaporate, and when the evapora- 
tion is complete you will find upon the plate crystals of salt, 
just as they were before the experiment. 

Now, here I show you a glass containing oH of vitriol, or, as 
CHEMISTS call it, su^huric a^nd, into which I put, as you see, 
a few bits of iron wire or some nails (Fig. 2) : these seem to 
dissolve, as the salt did in the water. Only you see that the 
liquid becomes green, instead of remaining colorless as it was. 
Then if you allow it to evaporate, as in the preceding experi- 
ment, you will find that there remain not bits of iron, but 
beautiful green crystals. In this case the sulphuric acid 
and the iron have both disappeared, and a new body has been 
formed, which, on account of its origin, chemists have called 
svJpha^^ of iron, commonly known as green vitriol, 

^^— ^^,^— ^B^^^B^— ^i^i— ^i» I I.I — — ^^M 11 I ■ ^fm^^^m, ■■■■■ ■■■■■■■-- !■ 

What is the character of chemical experiments? 
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To snm np what I have been telling you, I should say, 
then, that physical experiments hake no lasting chanqk 
IN THE natdbe 0? BODIES, while chemical experiments THOK- 

OUQHLY CHANaE THB BODIES, AND THEREBY GIVE KISS TO 
NEW SUBSTANCES. 



I.-THE THREE STATES WHICH BODIES ASSUME. 

4. Solid, Liquid, and Oaseou States. — You all know 
that there are solid as well as liquid bodies. A solid body 
is more or less hard, and has a definite shape of its own ; a 
liquid has no shape of its own, and is a fluid ; that is to say, 
it wiUJhw away unless enclosed in a vessel made of a solid 
body. 

Bodies also assume auotber stat«, of which it is more diffi- 
cult to give you an accurate idea, — namely, the GASEOUS 
state. An experiment will ^ve you much clearer ideas on 
the subject than a great many explanations. See, here is an 
empty glass. Holding it apside down, I plunge it slowly into 
this other larger vessel, which is almost full of water (F^. 3). 
You see that the water does not fill the glass, and that above 







the level of the water there is a space that appears empty. 
If yon now incline the smaller glass to one side, a big bubble 
will escape, and the water will rise in the glass higher than 

Whkt tm thetfann itilH whlcb badl« unme! Bjvhit eipeiimBnli can Om 
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before. What escaped in the bubble was air, or ga» which 
wag imprisoned under tbe glass, although, like the air that 
surrounds us, it is invisible. 

Many bodiet can tuccettively omume Ihe three slateg, BOLID, 
LIQUID, and OASEOUS. This is very evident in the case of 
water, Thich freezes into ice under the influence of cold, and 
evaporates in steam (or gag, which is the same thing) under 
tbe influence of heat. But this property is common to very 
many bodies, only under a difierent intensity of either cold or 
heat. Here is a bit of zinc that I have put on a shovel over 
the fire (Fig. 4) ; see, it rapidly becomes liquid, and were the 
heat strong enough it would soon disappear in gaseous vapor. 
Gases, on the contrary, are liquefied, and liquids are solidmed, 
by extreme cold. Very recently even air has been liquefied 
and solidified. 

5. Evaporation and Ebullition. — The change of a liquid 
into a gas can be brought about by two different processes. 
Here are a few drops of water on a plate (Fig. 5) ; in a short 
time they will have disappeared, and the plate will be dry : 
this is the result of evapora- 

So much for one process; 
let us now pass on to the other. 
Here is a pan-full of water 
which I have hung over the 




appeuiUUIel^Hab: t 



omUoB. ' ' sballltlonT 

fire (Fig. 6). You can feel with your finger that the water 



uHpl« oT Ibe cbingB u[ ■ liqald Into ft gM ^ 
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is being heated ; and you can also observe that the warmer it 
becomes the greater is the quantity of steam given oif. At 
last the water b^ns to boil ; that ia to say, it bubbles up and 
^ves off clouds of steam : if the heat be continued long 
enough, the water will all disappear, as a result of ebvMilion, 
which is a forcible change te the gaseous state, and takes 
place all through the liquid, instead of the slow and almost 
invisible process that we observed in the first ease. 

6. DiitiUation. — Now look at this. Above the boiling 
pan I bold a cold plate (Fig. 7). On coming in contact with 
the plate the steam cooh, and, as you see, becomes water 






again. The water thns obtained is perfectly pure : it is caUed 
DISTILLED water; all its impurities have remained behindin 
the pan. The proof that distillation purihes water ia ^ven 
by the fact that if you Iwil salt water, the product of the 
distillation of this salt water is perfectly tasteless. Distilla- 



IT may be ubUlned by dliUllk. 
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tian is, then, a twofold operation. It first transforms liquids 
into vapors by heat; and then these vapors are re-liquefied 
by cooling. 

7. Compressibility of Oases. — A little while ago, in order 
to prove to you the existence of gas, I made a simple experi- 
ment which teaches us something very curious about the 
properties peculiar to gases. Let us have recourse once more 
to our little glass, and invert it as before in a glass vessel 
full of water, pushing it straight and slowly to the very 
bottom. When the glass at first touched the surface of the 
water (Fig. 8) you know it was full of air, A ; but now that 
I have pushed it down to the bottom (Fig. 9), the air evi- 
dently occupies less space, B. 

This proves, then, that air can be easily compressed. On 
the other hand, when you withdraw the small glass from the 
water, the air it contains expands with equal facility. 

8. Compressibility of Liquids and Solids. — All gases 
are, like atmospheric air, very easily compressed, or made to 
occupy less space, and as easily expanded, or made to occupy 
more space. But it is altpgether different in the case of liquids 
and of solids. Extraordinabt force is required to com- 
press liquids, and greater force still to compress solids; we may 
even say that they are almost incompressible. When people 
speak about compressed hay, for instance, you must not im- 
agine that it is the hay itself that is compressed ; that would 
be impossible: the stalks of hay are merely pressed more 
closely together as the air that was between them is ex- 
pelled. 

But the expansion and compression of liquids and solids, 
feats that defy the most powerful machinery, can be easily 
accomplished hy a little heat or a little cold. 



What takes place trhen air \» submitted to pressure? What happens to com- 
pressed air when the pressure is removed? Can solids and liquids be easily oom- 
Kressed?. What takes place when hay is compressed? How can solids and liquids 
e easily compressed or expanded ? What is the effect of heat on solids, liquids, 
and gases ? what is the effect of cold ? 



EXPANSION OF 1 
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9. Expansion of Bodiei. — When heated, solid, liquid, aod 
gaseous bodies EXPAND ; that is to say, thej occupy a greater 
space than before. When cooled, they contract, or occupy 
less space. 

Look at the wheelwright when he puts an iron tire around 
a wheel (Fig. 10) : he makes the iron ring slightly smaller 
than the circumference of the wheel, then puts it into a large 



Flo. 10.— Cut>wh»t I t;nd«rtta« inflnanu of hut I In cuuUng, tbe b4nd 
with ■ latnil or Iron | the Iron band mlarga, or | omMeH, or becomgg 

fire. The heat causes the ring to expand, so as to allow the 
wheel to be placed within it ; then it is cooled, and the iron 
contracts and causes the tire to fit bo tightly to the wheel that 
there is no need for nails to fix it. This is a striking exam- 
ple of the expansion of solid bodiet by heal. 

Here now I show you a small boUle BA (Fig. 11) filled 
with colored water ; through ita cork passes a glass tube D, 
open al both ends, and the liquid nses in the tube to a certain 
height I immerse the bottle in a vessel C containing very 
warm water ; immediately you can see the colorod liquid rise 
in the tube D by the effect of the expantum caused by heat. 

OlTB in nuople ghowing th* ellect or hwt on solid bodies, ir ■ tubs hair rail 
oT wUer be h«iLt«d, what will tupfHo' ir ui empty tabe cloeed at ODe and b« 
VlDDged Into wMer t>} Its open eitreiulty, sod bMlad, whii will hippeo.' 



Agiun, I put into a glass of water (Fig. 12) a tube AD 
closed at the upper end A, open at the lower, and full of &ir : 
ike water of the glass rises in the tabe to a certda height G, 



Fie. 11. — Tbe bottle BA is Jia. IZ.— The tube being closed at A, ths 

dUMI; the irBter In ibe I«be fluence or but. ud atuH Uio nter to 

tisem to D {akpuuioD of link from lo 1> (oxpuuLon of gu)- 

which I mart with a stroke of a pen. This done, I apply to 
the upper part of the tube the heat of an alcohol lamp. Imme- 
diately the water sinks iu the tube to D: why so? Because 
the expanded gas takes up more space. 

10. Change in Toltune oaBsed by Chan^ of Stats. — 
Heat ia necessary to cause a body to pass from a solid to a 
liquid state ; and still more heat ia required to make it pass 
from a liquid to a gaseoa» state. 

As heat brings about expansion, a solid body imU tner«(ue 
in voliane by assuming the liquid stale, and the mlutne wriU 
again increase in becoming gaseous. Inversely, a liquefied 
gas occupies less space under its new form ; and this is gen- 
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erally the case when a liquid is solidified. Water, however, 
IS AN EXCEPTION to this general rule : its volume increases in 
hecominff solid, in becoming ice. The force thus developed is 
enormous, for were a bombshell to be filled with water, the 
eo^[>ansion which would be produced were the water to freeze 
would rend it to pieces. And this is why, when severe frost 
sets in, it is necessary to empty all tanks in which the water 
would be apt to freeze, else they would surely burst. 

When stones. are porous, and contain a certain quantity of 
water, this latter often freezes in cold weather, and they are 
then splintered and broken to pieces. From a similar cause, 
damp earth is raised up and crackled over during winter when 
there is no snow to cover it, just as the bark of trees is some- 
times rent open. 

11. Force of Expansion of Solids and Liquids. — From 
what I have already told you, you may easily conceive that 
the force developed by bodies when they expand under the 
influence of heat, or when they contract under the influence 
of cold, is something extraordinary. I shall endeavor to give 
you a still more accurate idea of this. You see this little 
iron rod I have in my hand ; it is about one-third of an inch 
thick. If plunged into water at the freezing-point it would be 
ten inches long ; in boiling water it would lengthen about the 
sixtieth part of an inch : this difference seems very trifling in- 
deed. Well, trifling as it may be, if you wished to prevent this 
expansion you would have to put upon the end of the rod 
a weight of 7500 pounds : you would never have fancied that, 
I am sure. Therefore when metals are used in buildings they 
mtist be arranged so as to have some working room, otherwise 
the shortening and lengthening caused by the changes of 
temperature would disarrange the whole construction. So 
much for the force of cold and heat. 

12. Temperatnre. — But what is cold, and what is heat ? 
Ah 1 this is far from being easily understood. You must 
know, however, in the first place, that heat and cold are not 



Is it the nme with water ? What preoaatlonfl ought to be taken with wateivtaQks 
when winter sets in ? What is the effect of froet on stones that contain water? On 
the earth ? On trees ? What precaatiou against the expansion of metals ought to 
be taken in bnildlngs? 
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two different things : to cool a thing is not to add cold, it is 
to take away heat. When a thing is warmer than our body, 
or, as we ought to say, when its temperature is higher than 
that of our body, we say it is warm ; if its heat is less, or 
rather if its temperature is lower, than that of our body, we 
say it is cold. 

13. Measures of Temperature. — ^We can easily distinguish, 
by feeling with the hand, not only a cold body from a warm 
one, but also different degrees of heat and cold. Here are two 
vessels in which I have made water boil : one was taken from 
the fire five minutes ago, the other about a quarter of an hour 
ago : dip your finger in both, you will feel that one is much 
hotter than the other. Here are two others taken off the fire, 
one an hour ago, the other two hours ago : they have lost so 
much heat that both are cold, but the latter seems colder than 
the former. It is, then, possible merely with one^s hand to 
appreciate tolerably well, by comparison, the temperature of 
bodies. 

But, as you can easily understand, this is not always suffi- 
cient. First, because one might be mistaken ; further, how 
could the degree of heat be accurately expressed ? This body 
is not so warm as that ; but how much less ? Is the body I 
touch at the present moment warmer or colder than the one 
I touched a week ago? I have certainly quite forgotten. 
And yet, were it necessary to know it, what could be done ? 
Is it warmer to-day than it was this day last year ? You do 
not remember; neither do I. Nevertheless, it is sometimes 
very useful that we should know such things. 

14. Thermometers. — For this purpose instruments have 
been invented ; and these instruments not only measure heat 
more accurately than the hand can do, but also give meas- 
ures that can be kept in mind or noted down. The instru* 
ments I speak of are called Thermometers (from two Greek 
words, thermos, heat, and mstron, measure). 

The first idea that presented itself was that heat might be 
measured by the expansion of bodies. Here is a bit of iron 



What name is given to inatruments that are used for measuring the temperature 
of bodies? 
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wire : it will lengthen slightly if I heat it in mj hand ; if I 
plunge it into boiling water it will lengthen more ; and still 
more if I put it in the fire. Were the extent of these three 
changes to be measured, we should have the exact indications 
of the degree of heat given by the hand, the boiling water, 
and the fire ; but these variations in length are not sufficiently 
large to be easily measured, because the body acted upon is a 
solid. 

Liquids expand to a much greater extent, and are, besides, 
more easily managed. They are, therefore, preferred for the 
construction of thermometers. It was a 
sort of thermometer we made a little while 
ago in our experiment with a glass tube 
full of liquid set in a bottle of water. But 
now we shall take a real- one, which has 
bee;i made for that purpose alone (Fig. 13). 
At the extremity of the tube of this real ^^j^ ^ 
thermometer we find instead of a bottle, 
as we had in our experiment, a somewhat 
lengthened hollow bulb; instead of water 
it contains mercury, often called quicksilver. 
The tube is fixed upon a board with num- 
bered divisions. As we have no use for 
these divisions,^! shall separate the tube 
from the board. 

We must remark, in the first place, the 
height of the mercury, and mark it A (Fig. 
14). Now I have plunged the tube into a Baib 
glass of cold water : the mercury sinks, and 
stops at a point which I mark B. I now take _ 

the bulb of the tube in my hand (Fig. 15) : i^o. ta.— Thermom- 
the mercury immediately rises again, and ***'* 

stops at a place which I mark C. James, put the bulb in 
your mouth (Fig. 16) : the mercury still rises, and comes to 
a stand at the spot which I mark D. The distances between 
B and A, A and C, and C and D, indicate the differences of 
temperature that exist between the air, the glass of water, 
the palm of my hand, and James's mouth. The glass of 
water is colder, my hand and James's mouth are warmer. 
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George, in your turn, put the bulb of the thermometer in 
your mouth. See, the mercury rises, and stops short exactly 
at the same place as when it was in James's mouth: this 
proves that your mouth and his have the same tempera- 





s 





Fig. 14. — In cold water 
the mercury id the tube 
contracts, and sinks 
from A to B. 



Fio. IS.—The heat 
of the hand causes 
the mercury to rise 
from B to C 



Fio. 16.— The heat of 
the mouth causes the 
mercury to rise from 
GtoD. 



ture. Now take the bulb in your hand ; ah ! the mercury 
falls lower than the mark C : that shows .that your hand 
is colder than mine ; but this is not surprising, as you have 
just taken it out of cold water. 

16. Oraduation of the Thermometer. — We are now in 
possession of an instrument which will enable us to compare 
the temperature of bodies. Only were an accident to happen 
to our instrument, all our observations would be lost. Of 
course we could easily make another ; but there would be no 
means of comparing the new with the broken one, and all 
previous observations would be worthless. 

This, then, shows the necessity of marking off all ther- 
mometers in the same manner, so as to be able to com- 
pare them with one another. For this purpose, as you 
can easily understand, it was impossible to take the tem- 
perature of things at random. I shall explain to you how 
this difficulty was overcome, and you will see that the plan, 



QRADUATION OP THE THEBHOMETER. 

ftlthough a very simple one, bag been the cause of n 



Let us again take the thermometer we have separated 
from its scale. I have here a 
bit of ice, already half melted 
in the glass. Now I plunge 
the bulb of the thermometer 
into the water of the melting 
tee (Fig. 17). I see the mer- 
cury falls and Btops at a cer- 
Uin place, A. Well, aU the 
time that the ice continues to 
melt the mercury vyiU remain 
at that very spot. This is one 
PftEClSB spot easy to be found j,,g^ „._.„„. ...^ „.— ...„.m™,^ 

Whereyer a bit of ice is to be momoWr Flunnd UrlnuDemdliiMI- 
naa. In .the centigrade titer- Tenipe«lore,S20. mtnre, iiso. 

mameter, used for scientific 

puTpoeei, this precise and invariable spot corresponding to THE 

TEHPEBATURE of MELTINQ ICE or FREEZING WATER ii CoBed 
ZERO. In the scale of Fahrenheit's thermometer, which is 
popularly used in the United States, this freezing-point is 
marked 32. 

I now put the bulb of the thermometer into boiling water 
(Fig. 18) : the mercury rises rapidly and stops at a certain 
place. I will mark this B. AU the time the toater continvet 
to boil the mercury wiR not move from this point. This is 
another pkecise and invariable spot, quite as easily found as 
the first. In the centigrade thermometer this place corre- 
sponding to the TEMPERATURE OF BOiLiNO WATER is marked 
by the number 100. lu the Fahrenheit scale the boiling- 
point is marked 212. 

The distance between the freezing- and boiling-points is 
then divided into one hundred equal parts in the centigrade 



Tf I ploDEe Into mellinE Ice th« balb of > IhenDomeDr ollh inercor; In It, whHt 
ll tl» tab* diTliUd balwHD Iha of mslUng ics Ud Ihi 100 uf bglllns WdlarT 



Boale, or one hundred and eighty in the Fahrenheit (Fig. 
13). Each of these part^ is called a degree. 

As our thermometer is already graduated, were I to regis- 
ter it in the air, in cold water, in the hollow of my hand, 
and in mj mouth, we should find that the mercury would stop 
flucceaeively at certain numbers, say 15, 10, 26, 38. This 
shows us that the temperature of the air is 15 degrees (it is 
written thus, 15°), that of water 10°, that of my hand 25'^, 
and that of my mouth 38° centigrade. 

All these degrees are above icero. But in winter the oolomn 
of mercury often falls bdow the zero point. Therefore equal 
divisions similar to those of the upper part are inscribed on 
the tube, marking the degrees below t/te Jreexing -point. 

We have now finished with the thermometer. But I 
have still something to tell you about heat before leaving 
the flubjeot. 

16. Conduction. — Put your hand into this baun of water 
that has been upon my table since morning (Fig. 19). la 
the water of the same temperature as the air? — *'No: it 
is colder." — Try with the thennometer. — "The thermom- 



Fia. IR.— Water sppesn lo tod colder Fio. SO. — ChsTwal, being ■ tiiul 

tatdnietof of beat, Uhea mart of your my flngBn, although the eud !■ 

own hint from yon Uihd the sir doeg. lighted, A. 

eter marks 15° both in the air and in the water." — Then you 
see you were mistaken : the temperature of the basin of 
water is the same as that of the surrounding air, and yet the 
water seems colder. Put your hand on this marble slab, then 
on the table ; the marble will seem to you colder than the 
wood, and yet it is not so. What can be the reason of this ? 



CONDDCTION. 21 

The reaton ti, that, the Tnarbh being a better conductor of 
heat than Ike wooden table, more heat u absorbed from your 
?tand, and thui a greater eemation of cold u produced. 

Here is a bit of charcoal, lighted at, one end, A (Fig. 20). 
I can hold it in my hand, although my fingers are but a short 
distance from the burning part; yet it does not bum me in 
the least. Why? Because charcoal is what i» called a bad 
conductor of heat. On the contrary, if I put into the fire one 
end of this iron rod (Fig. 21), the whole rod becomes hot, and, 
although it is ten inches long, I can scarcely keep my hand on 
the other end of it. And that is because iron is a good con- 
ductor of heat, for it allows beat to pass rapidly through its 
substance so as to reach my fingers. 

To give you a striking example of the difference between a 
body that is a good conductor of heat and one that is a rum^ 
conductor, I will show you a very simple experiment. Here 



is a piece of card (Fig. 22) upon which I have flattened a 
little bit of tin foil. I hold the card above a gas-burner or 
over a stnall lamp. See, the tin paper melts, and yet the card 
does not take fire. The tin, a good conductor, absorbs aR the 
hecU, while the card, a wmrcondvctor, doei not keep enough to 
take fire. 

M ETAL8 are very good conductors ; stones are less good, and 
wood still less. Air itself is a rMttrCondnclor. Therefore 



iDmrble) 0I>« ■Dath» aiuupla 
% gmd conductor. Whu aim 
< orih« coudnctlUlK^ of meMt, 



our clothes preserve us from cold for two reaBone. In the 
first place, they are composed of fibres of cotton, bemp, or 
flax, or of threads of wool or Mlt, all of which are non-con- 
dticton of heat. Further, and above all, between the fila- 
ments of each tissue, and between the different parts of our 
clothing, there is a. certain quantity of air : this air is very 
slowly heated; but when it b once heated it remains so, 
thug protecting ub from outward cold. 

Water beinz a better conductor of heat than air is, you 
can understand why you felt it cold when yon plunged your 
hand therein. But when your hand was withdrawn from the 
water, did it get warm again immediately ? — " No ; / think 
it fett colder than when in the water." — Ah 1 that also de- 
mands an explanation. 

17. Heat abaorbed in Eraporatioa. — I showed yon a 

few minutes ago that in hoUing water, and during all the time 

it boUt, the thermometer indicates the temperature of 100° cen- 

t^radej in other words, the temperature remains constant. 

And yet we added heat, for the fire continued 

burning under the pan. What became of all 

this heat ? 

This is not easily understood. All I can say 

upon the subject ix that thu heat hat been em- 

ployed to make eleam ; the proof of this is 

Uiat if you prevent the formation of steam, by 

hermetically closing the pan, the temperature 

of the water rises beyond 100°. Now, do not 

forget this ; in order to produce vapor, in other 

T»|ior'of the word«, to change a liquid into a got, HEAT IS 

on tbTi^u* NECESSAKY. There was water on your hand a 

to dropa ai little whUo ^^ ) and to dry that water, to allow 

"**"■ it to become gas, heat was required. Where 

was this necessary heat to be found ? In your 

hand, which in consequence was cooled. 

And where does all this vapor go? Into the air? But it 

' Wbitt <• Uh tamiHntnn of UdUng 
employodlntoaliliiiiUw. Wb, li 



POWER OF BOILING VATER. 23 

is not TiHible. No, beottuse it is quite transparent: neverthe- 
less it eziets. Here is a bottle juat brought from a cool cellar 
(Fig. 23). The vapor of the air baa amdeiteed upon the bottle 
in minute drops of water. Where does this water come from ? 
Not from the inside of the bottle, jou are sure. No, from with- 
out, from <A« air ; it was then in the state of vapor; and, as the 
bottle was colder than the surrounding air, the vapor became 
water by contact with the bottle, or, as we should say, it con- 
dented. It IB aiaodi»tiUed water. But as soon as the bottle is at 
the same temperature as the air of the room, the mistj appear- 
ance will pass away : the water will have once more evaporated. 

18. Power of Boilinfr Vater. — I have just told you that 
if in heating water you prevent the formation of steam, the 
heat of the water rises beyond 100°. The nmplest way of 
preventing the formation, of vapor u to heat the water in tiffhtly- 
CLOSED vesteh. But the vessel must be very strong indeed, 
else it would soon be shivered in pieces. For the vapor of 
boiliju/ water hat enorTomti force. I have here a metal 'tube 
A (Fig. 24) which contains a little water, and which is well 
conted. I hold it 
with the tonga over 
the fire. The water 
of the tube soon 
reaches the boiling- 
point, and this is no 
sooner attained than 
the cork is violently 
expelled with a loud 
report 

If, instead of ^ 
corking the tube, I < 
had shut it with a 

lid, closely fitted and firmly fixed, the temperature of the water 
would have increased, and the steam would have then acquired 
great force, and in a short time the tube would have been 
shivered to pieces. 



fhy iluM ■ bottle thit hni 
art Bj vbitt maun li n 



been brought from h 
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When water in a closed vessel reaches a temperature of 
about 250 degrees Fahrenheit, the pressure of the steam gen- 
erated is equal to 30 pounds on the square inch. 

It is upon this principle that steamrengines act. The water 
is made to boil in closed tubes, in which the steam produced 
acquires enormous force. This steam is then allowed to es- 
cape in a certain direction, and can, according to circumstances, 
lift heavy weights, or put into action great wheels, etc. 

SUMMARY.— HEAT. 

1. Phyncal experiments produce no alterations in the nature of bodies ; 
ehemieal experiments totally change it, and give rise to new bodies. 

2. The Three Statef of Bodies (p. 9).— There exist wlid bodies, liquid 
bodies, and gaeeou* bodies. 

A pebble is a solid body, water is a liauid body, air is a gaseous body. 

8. Most bodies can successively pass tnrough these three states. Thus, 
ioe (solid) becomes water (liquid), then steam (gas). 

Another example : Zinc, wnich is a solid metal, becomes liquid by melt- 
ing over the fire, and is changed into a gaseous vapor if the fire is very 
strong. 

4. Evaporation, Ebullition, BistiUation (p. 10). — The rain that wets 
the highway is dried by evaporation, 

5. The water that boils in the kettle sends forth vapor by ebullition. 
Ebullition. is very rapid evaporation. 

6. The water obtained by cooling steam is distilled water. 

7. CompreiBioB and Ezpaxuion (p. 12). — ^When a body is forced to 
occupy less space than it did before, it is said to be compressed, 

8. A body is said to expand when it occupies greater space than it did 
before. 

9. Gases are very easily compressed and expanded ; liquids and solids 
are almost incompressible by ordinary means. 

10. Expansion and Contraction (p. 13). — What the most powerful 
machinery .is unable to do, namely, to compress or expand water or iron, 
HEAT and GOLD can accomplish with the utmost facility. 

11. When a solid, liquid, or gaseous body is heated it expands. 

12. When it is oooled it contracts. 

18. Gas occupies less space when it becomes liquid ; and generally liquid 
occupies in like manner less space in becoming solid. 

14. Water is an exception : its volume increases in becoming ice. This 
is the reason why in winter pipes and reservoirs burst, and some stones 
break from the same cause. 

15. Thermometers (p. 16). — One can measure the temperature of a 
body — that is to say, its degree of heat or of cold — with the help of a 

THERMOMETER. 



What property does the steam of boiling water poBsess? Kame an admirable in- 
vention that results from this property. 



LUMINOUS BAYS. 



16. The ii 



Itqnidi pouesa of cantraciing under the mSuenm of totd uiil expandimg 
DDder lie influeniie of htal. 

17. In the Fahrenheit thermometer the temperatare of heltirq ici is 
mtrked bj 32. 

IB. Tbe temperature of boilinb water in the same syatem is marked 

19. The interral is dirided into I8D dtoUioiu oftlled DEQREEg. 

BO. BodlBi Coadneton of HMt knd Bodlei Non-cMiiLdDotai* (p. 
SO). — Heat paM«a through the subBtonoe of bodies with greater or leaa 
fuility. 

SL Some, euoh u iron and other metale, eondnot heat nith great eaae : 
theee are called good cowJuelnri. 

SS, others, snoh as air, wood, oharooai, oonduat It with less fiwillt;: 
theee are said to be bad coHduclart, 

98. Water made te boil In tightlj-oloeed Tesaels acqairee a very Ugb 
temperature, and girea ilee to eteam having very great power. Thia 
power ia otiliied in steam-eDglDee. 



III-LIGHT, 

19. T. nminn Tm Ray<. — Where does heat eome from ? — 
" From the fire."- — 'Yea, in a room ; hut outside ? — " Ah ! out- 
ride, from the sud." — Very well ; but do the fire and the Bun 
give heat odIj ?■ — ■" No ; they also give light." — Exactly bo. 
Well, as heat aJiwayi accam,panie» light, it will be easier to see 
how heat prooeeda iu examining 
it with the help of light ; for it 
18 easier to follow out an obser- 
vation with one's eye than with 
a thermometer. In the first 
place, light always moves in a 
straight line. See, in the school- 
room the sun is striking directly 
on the closed shatters (Fig. 25). 

Only, 08 there are holes in the no. B.-Lirtt^traveli in a •tralghi 
abutters, you notice that from 

each hole there starts a luminous line in which dance myriads 
of tiny specks of dust. Place your hand in one of those 
lines, and you will have a sensation of warmth. This proves 
once more that heat accompanies light. 

How doe* ILgbt traTelt What !• it that alwaji acoompaalM light t 



20. Lark Eoom.— But this leads me to show you a very 
curious pheuomenon. Go into the dark room and place a 
sheet of white card-board C (Fig. 26) ou the line of yonder 
beam of light Aa, B6, etc., that shines through the hole in 
the shutter. Look. All the objects outside are distinctly 
figured upon the pasteboard. Here is the pond berade the 
house, and the highway with a. carriage on it; only on the 
CMd-board everything is seen upside down. Strange as this 
may appear, it is very easily explwned. 

From the top A of the poplar-tree, for instance, luminous 
rays start off in all 
directions; but only 
one can pass through 
the little hole so as 
to reach the card- 
board at the point 
a. From the foot of 
the tree another ray 
can penetrate and 
reach the point b. 
It is the same with 
ontb8«rd*<*nic,opijth=y»r=i.iHiii8down. all the points Situ- 
ated between a and 
b. So the poplar is seen figured head downward. The same 
thing happens, as you can easily understand, at all the other ' 
points of the landscape. 

21. Velocity of Light.^ — ^Light moves with extraordinary 
speed. It travels at the rate of 185,157 mtlet in a second : 
it would require hut about the seventh part of a second to go 
all round the world, and it is only eight minutes in coming 
from the sun to the earth. 

22. Beflectios of Light. — Now be very attentive, I hold 
a small mirror so aa to catch the sun's rays (Fig. 27). You 
can see on the walls of the school-room a luminous spot A 
make its appearance. If I move the mirror, the spot moves 
likewise. 

This spot is formed by the sunlight falling upon the mirror 



KEFLECTION OF LIGHT. 



and tlien starting ofT again : it is said to be BEFLECTrKD. Let 
UB go into the dark room (Fig. 28), and then catoh upon the 
mirror the sunbeam that passes tbroogh the hole r of the 



nil It A bjr the looUDg-glm ([» b«twe«ii th« dliwUon of the i» 

OkUod). rucslTwl uhI the reflected tu K 

•odB. 

shutter. It is reflected, tracing a bright line in the dust of 
the air, and reaches the wall at A when I hold the mirror 
about straight ; if I slightly incline the mirror, the reflected 
raj reaches the wall at B. There is, then, a direct relation be- 
Itceea the direction of the ray thai faSs on the mirror antf that 
of the reflected ray. We shall by and by learn to measure this 
relation. 

This will ezpl^n to ns how 
a mirror shows us our image 
when we stand in front of it ; 
how our image (Fig. 29) seems 
to be placed j ust as far behind 



rifl. U.— LMkiii|-gUMM reflect Fio. 30.— Th< 



U.— IiBokine-gUMM ret 
objecti (nBeclion). 
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the mirror as we are in front of it, so that savages never fail 
to seek behind the mirror the image they see in it ; how it is 
also that the image is turned in the opposite way, so that the 
right hand seems to be the left, and vice versa. But, in order 
to understand all this properly, some notions of geometry are 
necessary: therefore we will wait until these are acquired 
before proceeding further in this direction. 

The mirror I used a few mi!nutes ago is a common tinned 
glass ; but some mirrors are made of polished metal. Any 
smooth brilliant surface may serve as a mirror. Here is a 
glass of water (Fig. 30). See, I hold it a little above my 
eye, so as to look at the surface of the water from below. 
It appears to me like a plate of polished silver. Look at it 
yourselves : you may see all the surrounding objects reflected 
in it just as you would see them in a real mirror. 

This will do for the present. We will now pass from this 
subject, namely, the reflection of light ^ to refraction. 

23. Befraction of Light. — Refraction is a word that sig- 
nifies hreahing. You will see. that the word is perfectly suit- 
able. I have here a glass of water, and into it I plunge 





Fio. 31. — The bit of 
straw appears to be 
broken in the water 
(refiraction). 



Fio. 32. — The luminous ray is broken on entering 
the water, and causes the penny to be seen 
at A in advance of the spot where it actually is 
(refkaction). 



obliquely a bit of straw (Fig. 31) : the straw appears to you 
as if it were broken, and seems to be more horizon tolly 
directed immediately on entering the water. You know very 
well that the straw is not broken, yet you can scarcely keep 
from thinking that it is so. 



What happens if I plunge a bit of straw obliquely into a glass of water? 
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And agdn another experiment will lead us to a similar 
conolueion. I have prepared for the purpose (Fig. 32) a tin 
box, and put a peun; in the bottom. Come here, and stand 
so as to be able to see only the farther edge of the penny. 
I now pour water into the box slowly and carefully, so as 
to avoid displacing the penny. Tell me what you see. — ■ 
" I see the penny appear to rise and move forward towards 
A." — This happens because the rays of light from the penny 
are deviated, or seem to be bent, just like the bit of s^w a 
little while ago. 

This is what is called repraction. It takes place every 
time a ray of light passes obliquelt from a tranbpa- 
KENT SUBSTANCE of One density — that is, thickness — to one 
of another density ; the ray is bent in one direction when 
entering a denser substance, and in another when entering a 
rarer substance, — that is, one not so dense. Flat glass in- 
fluences a ray of light in the same manner that water does. 

I put flat upon this book a bit of thick glass (Fig. 33). 
You can see that the lines appear deviated as the straw did. 



Tio. 33.— Th« llDd or the book, Tio. 34.— TIib ray» latlng iho boon 

la lining from tb« eIw Into Uw deitiU In puaing—l, fnim tba sir 

>lr, aiiieu dsilMed (glmpls n- Into lh« glug ; % from the flio Inlo 

mctioii}. tbe (It (iwu renwstluua). 

If I hold the bit of glass at some distance from the book 
(Fig. 34), the deflection or bending of the lines will indicate 
two refractions. The first takes place when the rays of light 
that come from the book pass from the air into the glass ; the 
second, when they repass from the glass into the air. 

Wbatnvna iiglien to tlilaphenomenon? Wbso Ig retnctlon pn>lac«dl WIi*t 



24. Lens. — When a piece of glass is not flat on both udes, 
the deviations are much more complicated. 

What name is given to this bit of glass A (Fig. 35) con- 

A vex on both sides ? — " It is a moffni- 

Aul ^^^^^fll^^ fyi^-gi"*'" — So it is ; but the acien- 

H ^^^^^^^^V tifie name given to it is hia. 

W _ It ia used, as its common name, 

'(roundod on°h..ai2IiM). '"' magnifying-glass, indicates, to ma^- 

fii/y tmoM objects. Take this one in 

your hand, and look at the veiy fine print of this book. 

Well, what makes you look so astonished? — " Why, because 

I see nothing at all." — Have a little patience : jou must 

neither put the lens close to your eye, nor your nose close to 

the book. Look as you generally do, only through the magni- 

lying-glass, holding it at first close to the 

book. Now lift it slowly upward (Fig. 

36), while you still keep looking through 

it. There now, the letters seem larger. 

Continue to remove the glass ; they grow 

bigger still, and become quite distinct. If 

you still continue lifting the glass farther 

away, you will see them grow dim and 

'"■ ^i""™*'" "^ finally disappear. So the proper di»- 

oftjMtt,"" magniiy tance must be found, and the stronger the 

lens the shorter this dinlance is. The Jens 

you are using about doubles the size of things, and must 

be held at about an inch from the object looked at. 

25. Compound Hagniiying-Olassei and Miorosoopea. — 
When BBVEOAL lenses are arranged together acconfing to 
certain rules, stronger magnifying power is attoined, giving 
sometimes ten or twelve times the real size : this is what is 
called a compound magnifyiii^-glast. Again, miCTOicopei are 
made by still more complicated arrangements of lenses. Mi- 
croscope (Fig. 37) comes from two Greek words, microt, 
small, and skopeo, to look at. 

Great magnifying power may be obtained by a micro- 



1 order cleui; 
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scope. Thiags appear 100, 200, and even 1000 times lai^r 

than they really are. I see that this does not astonish you 

veij much, because a quack at 

the fair declared that he could > 

show things a million times 

larger than their real ahe. 

But this depends on the way 

of counting. When I say that 

my microscope magnifies ten 

times, I mean that an object 

the tenth of an inch long seems 

to be a whole inch long. The 

«harlab>ns do not count in this 

way. As a thing is magnified 

not only in length, but in width 

and in thickness, they multiply 

three times ; and so they would 

say that my magnify ing^lass 

magnifies 10 X 10 X 10 = "^ """".unZf'* "^"^ 

1000 times. Thus counted, the 

showman's million becomes simply 100. Only that would have 

made less fuss, and would have less amazed ignorant people. 

Nothing is more instructive and interesting than to examine 
things with a magnify ing-glass. 
I could not tell you all that you 
might see in csamining t'n- 
tecls, Jlowergf in fact everything 
around you, your own gkin, your 
clotha, etc., with a magnifying' 
glass that need not cost more 
^an half a dollar. rio. m.-Tbi«™p™^ Mgnify oy«ta 

Had we time, how many as- i^s oiem »re™r ™™™°' 
tonishing and marvellous things 

might I not show with its help ! Thowands of KvCti^ heingt 
in a drop of ttagnant water, millions of tiny red hodixt in a 
drop of blood, and I cannot tell what besides. 
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26. Telescopes and Spy-Olasses. — ^A sort of microscope 
for magnifying things at a distance, so as to make them look 
near, is made by arranging different lenses in another way. 
This is called a spy-glass, or a telescope (Fig. 38). With 
its help we can study even the stars, and see in them many 
details entirely invisible to the naked eye. 

27. Eye-Olasses, or Spectacles. — There is still another and 
well-known kind of magnifying-glass, namely, eye-glasses, or 
spectacles : these are small oval bits of glass which people 
having bad sight put before their eyes. I am obliged to 
wear them because I am old ; here they are. You see they 
are simple lenses that magnify but slightly : take them in your 
hand, use them like a magnifying-glass, and see if you can 
read with them. 

I see Henry shakes his head. Ah ! I see why. I am not 
the only person in the school who wears glasses; James, 
although young, is obliged to use them, and Heniy finds that 
James's glasses cannot be used as a magnifying-glass. He is 
quite right, too, and I will explain to you why. 

You must know that there are not only convex lenses, but 
also concave ones (Fig. 39). Now, concave lenses, instead 
of magnifying things, lessen them ; instead of 
making objects look nearer than they are, they 
Fio. 39. " make them appear farther off. 
Double oonetwe Comc here bcsidc me, James, and bring your 
iw^sideijr**" hook along with you, only take off your specta- 
cles; I have put mine aside also. And you, 
Henry, who have good eyes, come and stand beside us. Let 
us try to read at the same time, each in a book with the same- 
sized print. Now that I have not the help of my spectacles, 
you see, I am obliged to hold my book at arm's length (Fig. 
40) before I can distinctly discern the letters ; James, on the 
contrary, puts his close under his nose ; while Henry holds 
his at a reasonable distance, about ten inches from his eyes. 
This is because Henry has good sight, James has short sight. 



What name is given to a lens that Is slightly rounded on both sides? What name 
is given to a lens that is a little hollowed on both sides ? What is the effect pro- 
duced by a concave lens? What kind of sight are those persons said to have who 
see near objects, but not such as are far off? Those who see far, but not near ? 
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or myopia, and I have long sight. We will now put on our 
glasses again. Ah ! that is right ; we all three hold our books 
in the same manner (Fig. 41). Our bad sight is cured. I will 
give you the explanation of this fact when we study Physiology. 





Fio. 40.— Henry has good sight, Fio. 41.— We have pat ou our 

I am lonor-AyMsd, and James is spectacles : onr bad sight is 

meta^mgued, cared. 

Now let US leave aside the lenses that lessen, and that are 
useful only to short-sighted persons, and return to magnifying 
lenses. Until now we have used them for looking directly at 
things, by holding them between our eye and the object we 
desired to see. We can use them also for another purpose. 

28. Focus of a Lens. — Look ! this time I hold my lens 
right in the sun (Fig. 42). Behind it I place a sheet of 
paper, towards which I gradually bring the 
lens. You see at a certain distance a white jlSil jII 

spot A appears upon the paper ; this spot (B%^^^^^ 
gets smaller as the lens comes nearer, until B'^'^'vJ^ 
it becomes only a speck in size, but is exces- ^ ^""^a^ 
sively brilliant and luminous. And no won- '^'■" "^"^ 
der : for aM the sun^s rays that faU upon the ^^?' *2- "" ^^^ ***® 

, •'i - T.7. mi^ • laminoas rays are 

(ens are brought together in this ^ot. Tnis brought together at 
spot is called the focus of the lens. In ^^^]^ ^ '*"•'* 
order to use the lens as a magnifying-glass, 
the object to be m^agnified must be placed between the focus and 
the Ims. Do not forget this. 

What happens when a lens is placed above a piece of paper so ati to attract the sun^s 
rays? What is that point called where all the sun's rays meet? When a lens is used 
«■ a magnifying-glass, where ought we to place the oi^ect we wish tu magnify 7 
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Come here and hold out your hand above the sheet of 
paper (Fig. 43); Bee, the focus ehines on your skin. But 
why do you draw away your hand? — " Because I feel the 
bright spot to be very hot." — Very well ; that will help you 
to keep in mind that H£AT aiwayt accomjianiet light, atid 
that the heat-foetu it ai the Kmie point ai the Hght-fociu. 

The larger the lens is, the greater is the quantity of sun- 
light it gathers together and concentrat«s, and the more 
luminous and hot is the focal point. With this little lens I 




43.-AI the /o 
ir hsnd, Hi - 



■ A, on Fio. 44.— At the fociu A of m^ littls leni 

r^ of alltbenyiorhcataKbruugfittagathsr, 

nlber. utd llgbt lloder. 



dugbt togelber. utd llgbt lloder. 

can easily set fire to tinder (Fig. 44). But to obtain this re- 
sult it is not necessary that the lens be oi glam; all fran«pa- 
rent bodies will answer the same purpose ; ice, for instance, 
since it ia a transparent body. Navigators at the North Pole 
have been able to kindle fire with the pale rays of the Arctic 
sun concentrated by a large lens hewed out of a block of ice. 
Great, of course, was the amazement of the Ksquimaus at this 
sight, and equally great was the surprise of the sailors. 



Colore. 

We come now to a very important and most interesting 
experiment. 
29. SiiperrioB of Light. Solar Speotmm. — Here is & 
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cut-glass bottle-stopper with six faces (Fig. 45). I turn it in 
the sunlight, above this sheet of paper. 
When in a certain position, it casts on 
the paper a many-colored spot If you 
look attentively at this spot you will 

see that in the middle it is bright '^'''fa^jwidM thS1Sto/u*'ht 
ffreen and yellow, on the one side red, into seven colon: HoUt, 
on the other blue ami triolet. You all Jl^Si ^ -STcoiSS:: 

recognize the colors of the rainbow. Uon of theee colors U called 

It is said they are seven in number : * 9»«»*»». 
these seven are, beginning with the violet side (which is the 
lowest in the rainbow), violet, indigo, blue, green, yel- 
low, ORANGE, and RED. 

But in reality there are a great many shades running into 
one another and blending together, from the red to the violet, 
so that it is impossibler to tell where one begins and another 
ends. 

The term solar spectrum is applied to this combination 
of colors of the miniature rainbow that our stopper has given 
us ; the way in which the light spreads itself out is called 

DISPERSION. 

A spectrum is obtained when a ray of light pa^sses through 
a transparent body, provided the surface 
through which the ray enters is not par- 
allel to tha>t by which it pa^sses out. 

This shows that aM the colors are con- 
tained in the sunlight, although it is ap- 
parently white and colorless. 

80. Eecomposition of White Light ria. 46.-The »ofcte7gbt 

1 shall now proceed to prove this to 1« produced by the imioii 

V i» • 1 • of the seven colors of the 

you by means ot a very simple expen- spectram. 
ment. Here is a round bit of card- 
board, upon which I have painted all the colors of the rainbow 
(Fig. 46). The card-board has a little hole in the centre, 

Into how many colors is the solar light divided? What are these seven colors? 
What name is given to all these colors taken together? What name is given to 
the phenomenon of a ray being divided into seven colors? How can a spectrum be 
obtained ? What conclusiun may we draw from the formation of a solar spectrum ? 
What ct>lor does a card assume when painted with the seven colors of the spectrum 
and whirled round rapidly ? 

13 
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into whicli I introduce a rod. I then rapidly whirl the card 
round the rod as round an axle. 

You see the colors disappear^ and the card-hoard becomes 
ahnost white. 

It is not even necessary to paint the seven principal colors 
on the card-board ; three would be sufficient, — red, yellow, and 
blue. The reason of this is that the other colors, orange, 
green, and violet, can be produced by the blending of the three 
others, two by two. See, here is another bit of card-board, 
painted half red, half bhie; if I make it whirl round like 
the first piece, it will appear violet ; and this other, which 
is half redy half yellow, will appear orange ; lastly, this one, 
which is half ye/^to and half blue, will seem green. 

31. The Color of Objects. — But what does it mean when 
we say that this card-board or anything else is white, and that 
green or red or black ? It means that the white card-board or 
any other white object reflects, that is, gives out, aU the light it 
receives, and keeps ba>ck or absorbs nothing; bhie or red ab- 
sorbs aM it receives except the bhie or red part of the ray ; 
black absorbs aU and reflects nothing. What is the reason of 
this ? Ah ! I am at a loss to explain it, so you must content 
yourselves with the mere knowledge of the fact. 

In like manner, if water is colorless, wine red, ink black, it 
is because water lets the whole ray of light pass through it, 
while the red part alone passes through the«wine, and the 
ink absorbs all. 

There are, then, two sorts of colors, colors given by reflec- 
tion, as is the case with the sheets of card-board, and colors 
given by transparency, as is the case with colored liquids or 
colored gases, or transparent solid bodies, like glass. 

Certain bodies have not the same color when seen by re- 
flection as when seen by transparency. This very thin sheet 
of beaten gold-leaf, for instance, looks quite yellow when the 
light shines upon it, yet if you look at it when placed between 
you and the light it will seem to be green. Such instances 
are, however, rare. 

What color does a card half red, half bine, appear to he while whirling ronnd ? 
Half red, half yellow ? Half yellow, half blue ? What is meant when it is said that 
the color of an ottject is white ? Or blue ? Or red ? Or black 7 
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SUMMARY.— LIGHT. 

1. Propagation and Sapidity (p. 25). — Light travels in straight linea. 

2. It travels at the rate of 185,157 miles per second. 

8. Sefleotion (p. 26). — When a luminous ray falls upon a mirror it is 
refieeted, that is to say, thrown back, according to a given angle, and 
projects a brilliant spot upon the wall. This phenomenon is called re- 

FLBCTIOir. 

4. Befraotion (p. 28). — A body partially immersed in water looks as if 
it were broken : this is the effect of the deviation of luminous rays. This 
phenomenon is called refraction. 

6. Refraction may be observed every time a luminous ray passes ob- 
liquely from one transparent body to another equally transparent, but of 
different density. 

6. Lensei (p. 30). — A lena is a bit of glass which has one or both of its 
sides concave or convex : there are convex lenses, that enlarge objects, and 
concave (or hollowed) lenses, that lessen objects. 

7. Magnifying-glastee cause things to look larger, and are made with a 
convex lens. 

8. Mieroeeopes are formed by a number of lenses arranged according to 
known rules in such a manner as greatly to magnify the dimensions of 
things quite near. 

9. A teleacope is formed by several lenses so arranged as to magnify 
distant objects. 

10. Spectacles, when intended for near-sighted persons, are formed of 
concave or hollowed lenses; those destined for long-sighted persons are 
formed of convex lenses. 

11. The rays of sunlight that fall upon a convex lens come together 
beyond the lens at a point called the rocus. 

18. As heat always accompanies light, rays of heat are also concentrated 
at the luminous focus. 

18. Diipertion, tho Solar Speotnun (p. 34).— When a ray of light 
masses through a transparent body having two plane but not parallel 
races, it spreads out, or diffuses itsel/f and produces a sort of colored band, 
in which the seven colors of the rainbow may be recognized. This col- 
ored spot is known by the name of the solar spectrum, 

14. The seven colors of the spectrum are arranged in the following order, 
beginning with the under part of the rainbow : violet, indigo, blue, green, 
yellovo, orange, red, 

16. These seven colors united form white light. 

16. Colored bodies possess the property of reflecting or allowing to pass 
through them only a part of the colors composing white light. Thus, a 
blue object absorbs six of the seven colors, and reflects the blue, 
[At page 93 sul^Jects of composition are g^ven.] 
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IV.-SOUND. 

We are able to feel heat by the whole surface of the skin, 
light by the eye, and sound by the ear. We already know 
whence come heat and light, how they move, and how they 
act. Let us now learn something about sound. 

Sound 18 cdways prod/aced hy the shock of two bodies. If 
struck even lightly, some bodies produce sound : such as this 
wineglass, this metal lid, this tightened fiddle-string. Such 
objects are called sorwrous bodies, 

82. Sonorous Vibrations. — I have struck this wineglass 
with a rod: it gives a strong and clear sound. Put your 
finger on its edge (Fig. 47) : what happens ? — " The sound 
ceases." — ^Yes, but what did you feel with your finger ? See, 
there I strike again. — " Ah ! I feel the glass tremble while it 
rings ; when I stop the trembling the sound ceases." — It is said 
that the glass vibrates, and its vibrations produce the sound. 





Fia. 47. — Soand can be produced by the Fio. 48. — The Tibrations of the tuning- 
vibrations of glass. When the vibra- fork are visible. If you stop them the 

tioQB are checked the sound ceases. instrument is silent. 

Strike this tuning-fork (Fig. 48) : its vibrations are quite 
visible ; and when you check them the instrument becomes 
silent. So is it also with the wineglass ; but you cannot per- 
ceive its vibrations. 

Now, the glass and the tuning-fork are not in contact with 
our ear : how is it, then, that we can hear their vibrations ? 

We hear them because they are transmitted to the air^ 
which vibrates in its turn, and thus communicates vibrations to 
the interior of our ear. 

How is sound produced? What name is given to bodies that produce sound at the 
least shock? What is felt on putting the finger on a glass that has Just been struck ? 
What happens when you stop the vibrations of a glass? What name is given to this 
phenomenon? How is it that we hear the vibrations of a body that does not touch 
our ear? 



VIBRATIONS. 

If anything in my explanations puzzlea i 
you, you must tell me. Have you anything to say? 

" Yea. When a gun is fired, it makes a great noise, yet 
nothing has been struck, nothing vibrates." — You are mis- 
taken there: the air vibrates. The gunpowder on taking fire 
produces an enormous quantity of gas, which, having outlet 
only by the barrel of the gun, bursts out with eztraordinary 
force. And this gas, when it violently strikes the air, sets it 
in vibration: thence the tovnd. 

I will give you a proof that tojtnd ix brought to vahy air. 
I will go into the yard, before the open window, and strike 
those two sticks gently on each other. You can all hear 
the sound? Now shut the window: the sound can be no 
longer heard. A thin pane of glass is sufficient to keep the 
sound from coming to you : it has prevented the vibrations 
of tlie air from reaching your ears. 

But had the vibrations been strong enough, their energy 
would have reached the panes, and have caused them to 
vibrate also ; they in their turn would have transmitted their 
vibrations to the school- 
room air, and so the sound 
from without would have 
reached your ears. Closed 
windows do not keep ns 
from hearing many dis- 
agreeable noises, for exam- 
ple, that made almost a 
hundred yards off by our 
good friend the copper- 
smith as be bammerson his 
pot« and pans. Besides, I 
am sure you have all heiurd 
the panes vibrate under 

the influence of a loud '^'^"-'^1^n^„';^|^^.!''"™"" 
noise quite near. 

33. Rapidity of Sonnd. — Sound does not travel very 
rapidly through air. Open the window again. The boiler- 
maker, a hundred yards away, is making a great noise in 
mending the boiler of a steam-engine (Fig. 49). Look, and 
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liateD attentiTely. Do you remark anything in particular? — 
"When I see the workman strike his boiler I hear nothing, 
and it is only when his hammer is as high as it can be that I 
hear the sound of the blow."^And yet, of course, it is when 
he strikes that he makes the noise. The sound you hear 
when the hammer is uplifted is the sound of the blow he 
struck an instant before. 

Why this difference of time ? Because light travels tdth 
astomiding rapidity, you gee the inovement that the workman 
raaket at the moment he make* it, while, a* toimd travels much 
more ilotoly, it reaches you a little later. 



Tib. bo.— The lowke !• Kan itf"* Ho nport of tba gnu Ig hMCd. 

The next time you have opportunity, watch a sportsman 
lire his gun (Fig. 60). You mH see the white cloud of ejnoke 
come out of the barret soma seconds be/ore you hear the 
report; and the greater the distance between the sportsman 
and you, the greater will be the time between the moment you 
see the smuke and the moment you hear the sound. It is 
by calculating this relation between time and dist&nce that 
people are able to measure the rapidity with which sound 
passes through air. 
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It lias been ascertained that sound travels through six at 
the rate of 1125 feet per second. 

34. TranamiMiott of Sound by Solids and by Ll^oidt. — 
I have already told you that it is by air that sound is gener- 
ally borne to us. But souorouB vibrations can be earned 
to us by H^idt and even by tolid bodies. Put your ear to 
Uie end of this long table (Fig. 51) : although I touch the 
other end very gently, you can distinctly hear the sound. 

You hear it even better than you would if the vibrations 
reached you through the air, /or vibration* are transmitted 
toith greater rapidity and itrenglh hy tolida and by Hqwh 



than by air. Sound travels through wood ten times more 
rapidly, through iron fifteen times more rapidly, and through 
water four times more rapidly than through air. 

33, Reflection of Sound. — S(yund is reflected back from 
a solid or a liquid body, just as light is. It la for this reason 
that, under some peculiar conditions, a sound once emitted 
may be heard repeated once or oftener. This is called an 
echo. Echoes are generally to be heard when one is in front 
of a high wall or a, large rock, or in a spacious empty room 
or vaulted chamber. If under such circumstances you speak 
in a loud tone, you first hear your own voice ; the sound goes 



to » thnratth Hr wllh thiii of lho» which 'corns Ihroiigh » 
mperl; of loiind aulogoiu lo dob of liiht, Wli«o i 
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forward, strikes againet the obstacle, and ia thence reflected 
back and reaches your ear, so that you hear it again. This is 
a timpk echo ; but there are often double and triple echoes, 
etc. In the castle of Simonetta, near Milan, there is an echo 
that is said to repeat tbirty-two times. 

36. Sanget of Sound. — Sounds differ greatly from one an- 
other. There are de^ or grave sounds, and high or tharp 
sounds ; this difference is due to the number of vibrations in a 
second to which these soaods correspond. The more numer- 
om the vibraiumt are, the higher w the eowtd. 

The deepest or gravest tone that it is possible for os to 

hear has 32 vibrations per second ; the highest, the ahnllest, 

has about 70,000. Man's voice can scarcely go below a sound 

that gives 164 vibrations per second, nor woman's voice 

higher than 2088 vibrations per second ; but you children go 

much higher than that in the shrill cries you sometimes utter. 

87. Hnaical Intervals. — You may have already begun to 

study music. If so, you know your notes, and something of 

the icale, the octave, the Ji/ih. It will then no doubt interest 

you to know that u>A«n a note is an octave above another, the 

higha- note hatjait twice at many vibrations as the lower one ; 

when a note is at the fifth, 

' it has I more. 

We shall see this better 
with the help of our tuning- 
fork, which is tuned t« the 
middle A of our voice : this 
A is produced by 806 vibra- 
tions per second. The C 
under it has 480 vibrations ; 
the C above this, 480 X 2 
1 = 960. The sol (the in- 

Ta. M.-Interior of piano. The lonf(.r tCTVat from C lO G Is a fifth) 

S:Sl°n|?h°e''.b£ti«4r^o'i'''''''°"'' gives 480 X I = 720 vi- 
brations. 
38. Hmioal Znatraments. — I must, however, mentiou 
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that instruments by which we obtain musical sounds are of 
several kinds. 

First, there are stringed instruments, in which sound is 
produced either by rubbing with a bow on tight strings, like 
those of the fiddle or the violoncello, or by striking them with 
little hammers, like those of the piano (Fig. 52), or by pvUing 
them sharply with the fingers, like those of the harp or the 
guitar. 

The longer the string^ the deeper the sound; the shorter the 
string^ the shriller the sound. When a string gives a certain 
sound, if shortened to half its original length it will give just 
the octave above the first sound. Thus, when it is half the 
length, it must give double the number of vibrations. 

But you must also know that it is not only the length of 
strings that determines sound. A difference in the thickness, 
or in the material of which they 
are made, or in the tightness of 
their stretching, gives to strings 
of equal length very different 
powers. 

After stringed instruments 
come WIND instruments ; these 
are of two kinds. In some, such 
as the pipe of an organ, the flute, I'm- 63.— a, orifice of the pipe of 

1 .i'^ /t ^ M /t;i' eo\ xi. »>» organ; B, of a flute: C, of a 

and the flageolet (Fig. 53), the flageolet 

air, forcibly blown, strikes the 

edges of an orifice A, B, C, thus causing a vibration of the 

column of air contained in the pipe. In this case, also, it has 

been found that a pipe double the length of 

another emits a sound that has only half the 

number of vibrations given by the shorter one. 

In wind instruments that have reeds, such as 
the clarionet, the sharply-blown air strikes upon 
the reed A (Fig. 54) (a little blade placed in the fio. ^-'^ 

, . ^ ««, / ^, o^N J 'J. J. of a clarionet. 

mouth-piece of the instrument), and causes it to 

vibrate ; thence vibrations are transmitted to the air contained 






In what categorr of InstnimentA is the fiddle ranked? The piano? The guitar? 
What is the law of the vibration of cords? To what category of instruments belong 
the pipe of an organ, the flute, and the flageolet? The clarionet? 
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in the tube of the instrument. Such a reed may be made 
from an ordinary wheat-straw (Fig. 55). When a comet, or 
any other brass instrument, is played, it is the lips that vi- 




Fio. 65. — ^Beed made of wheat-straw. 

brate in the same fashion as the reeds. In our larynx sound 
is produced in somewhat the same manner as in a comet. 

The tuning-fork must not be forgotten, either. Here is a 
cut representing one (Fig. 56). It is a curved rod of steel 
A, B, C, which is set in vibration on being struck by some hard 
body. Each tuning-fork gives but one note, the sound of 
which depends upon the dimensions of the instrument. The 
larger the tuning-fork the lower the sound it produces. Those 
most generally used give the A that has 806 vibrations per 
second. 






Fro. 56. — Tunin^r-fork. 
A, B, 0, branch of 
Bteel which when set 
vibrating givee the 
A that has 806 vibra- 
tiona in a second. 



Fio. 67.— If I place 
the tuning - fork 
on a wooden box 
( •ovrnding • heard ) 
the sound becomes 
stronger. 



Fio. 68. — When the box is 
closed, the sound is strong ; 
when the box is open, the 
sound is weak. 



39. Intensifying Sonnds. — Observe here a very important 
fact. If I make this tuning-fork vibrate, while I hold the 
foot of the instrument in my fingers, you can hardly hear the 
note it gives. If I put the instrument on the table, or, better 



What is a tuning-fork? What note does the tuning-fork give? 
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still, on this empty box (Fig. 57), the sound is reinforced, or 
intensified, and is easily heard throughout the room. The 
reason of this is that the air within the box mbraies in unison 
with the tuning-fork. 

The wooden case of the fiddle, as well as that of the piano, 
has the same effect. I have here an old fiddle, the body of 
which I have arranged so that I can open and shut it like 
a box (Fig. 58). When I shut the lid and play on the 
strings, the sound is strong and bold ; when I open it, you 
can hear how much it is weakened. These arrangements 
which strengthen or reinforce sound are called sounding- 
hoards, 

SUMMARY.— SOUND. 

1. Vibrations (p. 38). — Sound is always produced by the shook of one 
body upon another. 

2. Tnis shook produces vihratxontf which are transmitted to the air and 
thence to our ear. 

8, Velocity of Sound (p. 39). — In air, sound travels at the rate of 1125 
feet per second. 

4. Sonorous vibrations can be transmitted to us by solids and by liquids 
better even than by air. 

6. Eoho (p. 41). — Sound can be reflected back from a solid or a liquid 
body, just as light is reflected from a mirror. 

6. This reflection of sound is called an echo. 

7. Low Tones and High Tones (p. 42).— There exist low, or ^ave 
tones, and highy or tharp ones. 

8. The greater the number of vibrations, the higher and more acute is 
the sound. 

9. A sound is an ogtayb higher than another when it gives twice the 
number of vibrations that the lower sound gives. 

10. Mnsieal Instruments (p. 43). — ^There are stringed instruments and 
wind instruments. 

11. In stringed instruments, the longer the string is, the lower is the 
sound it emits; the ahorter the string, the higher the sound. 

18. Likewise in wind instruments, the longer the pipe is, the deeper 
and graver is the sound. 

18. Sounds are strengthened by elastic plates of wood (as in the case of 
the piano, the fiddle, etc.). 

14L Diapason Tuning-fork (p. 44). — The tuning-fork is generally con- 
structed so as to give the A that has 806 vibrations per second. 
[At page 94 suttjects of oompositioQ are given.] 



Why is the sound of a tuning-fork reinforced when the instrument is placed on a 
wooden box? What is it that in the piano and in the fiddle performs the office of a 
sounding-board ? 



46 PHYSICS. 

V.-ELECTRICITY. 

40. Sound, light, and heat have been known to man ever 
since his appearance on the globe. But it is scarcely two 
hundred years since he has had any knowledge of electricity, 
although lightning had many a time made him a witness of 
its effects. 

41. Frictioii develops Electricity on the Surface of Wax 
and Olass. — Here is a stick of sealing-wax (Fig. 59). I 
present the end of it to Httle bits of paper : no effect is pro- 
duced. 

But if I rub it sharply upon my sleeve (Fig. 60), tJie little 
hits of pa/per are instantly attracted, even from the distance of 
ahovt a quarter of an inch (Fig. 61). 

If in this experiment a qlass rod is used instead of the 
stick of wax, the same resvU is obtained. 






Fio. 69. — ^1 place the stick 
of sealing-wax near the 
paper : no result. 



Fio. 60.— I mb the seal- 
ing-wax, — 



Fig. 81. — ^It attracts the 
paper. 



Friction has, then, developed on the surface of the WAX, ami 
of the GLASS, a certain force, capable of lifting little bits of 
paper : this force is electricity. Ah ! we are still far from 
the terrible Ughtning ; but wait a little, we shall get to it. 

42, The Two States of Electricity. — I shall now show 
you something more curious still. With a thread of silk I 
suspend from a sort of little stand a small ball of elder pith 
(Fig. 62). I briskly rub the stick of sealing-wax and then 
touch with it the ball of pith. The pith haU is strongly 
attracted, 2^st as the bits of paper were, but no sooner has the 



What happens when little bits of paper are placed near a stick of sealing-wax that 
has been previously rubbed ? What name has been given to the force developed on 
the surface of the wax and the glass? What happens when a ball of elder pith is 
placed near a stick of sealing-wax that has been rubbed? 
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pith hoM come in contact with the stick of wctx than it is re- 
pelled to the point A. You see I can drive it away in any 
direction, if I pursue it with the wax. 





Fig. 62.— The little ball of elder pith is Fio. 63.— The elder-piih ball that fled 
repelled as soon as it touches the wax from the wax is attracted by the glass 

A that has been rubbed. rod, but as soon an the contact has 

taken place it is again repelled to B. 

I then immediately take up my rubbed glass rod (Fig. 
63), and put it in the place of the wax. The pith hdU thai 
was repeUed hy the waac is attracted towards the glass rod; 
but in a short time it is again repelled, and can be attracted 
again only by the wax. 

This experiment would lead to the belief that there exist 
two kinds of electricity, one given hy gl(iss and the other given 
by wax. 

For this cause the name of vitreous electricity has 
been given to the former, and resinous electricity to the 
latter. 

They are also called, for reasons too difficult for you to 
understand as yet, negative electricity for the resinous, and 
POSITIVE electricity for the vitreous. 

All bodies thus emit electricity when rubbed, sometimes 
negative, sometimes positive ; but its existence is not always 
so manifest as when glass or wax is acted upon. 

43. Attraction and Repulsion. — Here now is a thick plate 
of resin upon a wooden support (Fig. 64). I rub it for a 
good while with 2t bit of woollen stuff. It then not only 
attracts light bodies, but also, every time my finger (Fig. 65) 



What happens when a nibbed glass rod is placed near a small ball that wns repelled 
by the wax? What seems to be shown by this experiment? What name is given 
to the electricity of wax? To the electricity uf glass? What other names are used 
instead of rmiHcm» and vilrwu* / 
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approaches it, it gives off little sparks that spring from it with 
a slight cracMing noise. This is real lightning in miniature : 
the spark is the lightning, the little noise the thunder. 

Suppose that, instead of the little ball of pith I hung on 
the stand, I had in its place put a ball of resin carefully 





Fig. 64.-1 rub the reelin with a Fio. 65.— I place my finger near it, 

piece of woollen cloth. and I obtain little spai-ks, and a 

Blight crackling noiBe. 

rubbed. If the resin was placed near the ball, the latter, in- 
stead of being attra^cted, toovM be repelled. 

If, on the contrary, I held near it the large QLASS bod, the 
baM of resin would be a;ttracted by it. 

Now, if a gloM bead were hung on the stand, it would be 
attracted by the resin, and would fly from the glass rod. 

From these experiments the two following laws have been 
deduced : 

1. Two bodies charged with sim/Uar hinds of electricity repel 
each other. 

2. Two bodies charged with different kinds of electricity at- 
tract each other. 

44. Condncton and IfDn-CondactGrs or Insulators. — 

See, with this stick of sulphur, after friction, I can also lift 
up bits of paper. In dry weather you may even draw elec- 
tricity from your own hair, by the friction of the comb. Cats 
also, I may say especially, emit electricity, and their fur 



What happens when a large piece of reein, already rubbed, is placed near a small 
piece that has also been rubbed? What would happen if instead of the large piece 
of resin I were to place a small piece near a stick of rubbed sealing-wax? What 
would happen if the little piece of resin were replaced by a bit of glass 7 What laws 
may be deduced from these experiments? 
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stands on end when stroked, even gently (Fig. 66), when the 
weather is dry or frosty ; if this be done in the dark, quanti- 
ties of little sparks can be seen to spring out from under one's 
hand with a slight rustling noise. 

But things do not work in like manner if 
I take an iron rod. I may rub as long as 
I Itke, I can produce no manifestation of the 
presence of electricity. If, before beginning 
to rub it, however, I wrap a piece of silk 
several times around the end by which I hold y,^ ee.— when cats 
it (Fig. 67), I can see the rod give some *« rubbed in dry 
signs of electricity ; that is to say, I can onTei^c*i«Sil? 
lift with it some small bits of paper. What 
does this indicate ? This indicates that before I wrapped the 
silk round the iron ike electricity as soon as it was produced 
passed through the iron into my body and thence into the 
ground; while at present, the 
rod being wrapped in silk, the 
electricity remains on the iron. 
But why was silk necessary to 
obtain this result ? That is what fio. 67.— if i wrap a piece of siik 

I«l»«n «^™ ^^.vl^:.,. *« «.rv« V« «« round the iron, it attracts the little 
snail now explain to you by an pieces of paper. 

experiment. 

I shall operate this time with a stick of wax that has not 
yet been used, and which you see cannot as yet attract any- 
thing. Very carefully and gently I rub the extremity on my 
sleeve, — ^the extremity alone (Fig. 68). You see (Fig. 69) it 
attracts bits of paper and other light bodies ; yet at a very 
short distance from the end A no effect whatever is obtained. 

Thus electricity Juzs occurred only where friction had de- 
veloped it, and has not spread over the remainder of the wax. 
For this reason wax is said to be a non-conductor of elec- 
tricity. We have already made acquaintance with this term 
when speaking about heat. 

I rub an iron rod and keep it in my hand : by doing so, shall I be able to attract 
the little bits of paper ? If I wrap some folds of silk round the part of tiie rod 
that I hold, what then ? ¥rhat does that imply ? In what way does electricity affect 
the wax ? By what word do we express this quality of the wax ? How does elec- 
tricity affect an iron rod? By what word do we express this property of iron ? Sz- 
plain, now, why the bar of rubbed iron does not attract Uie pieces of paper. 
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On the contrary, when I produced electricity by rubbing 
the iron rod, the electricity immediately spread itself over aU 
the surface, for iron is a conductor of electricity. Now, the 
human body is also a conductor, although less so than iron ; 
so is also the ground. Therefore, no sooner was electricity 
produced in the rubbed part of the iron rod than it passed 
into my hand, thence to my body, and finally into the ground. 

As for the silk, it is a non-conductor. So, in wrapping the 
silk around the iron, I kept the electricity on the iron, and 
by dint of patient rubbing produced enough to allow the rod 
to give manifest signs of its existence. 





Fio. 68.— I rub the extremitg of a stick 
of sealing-wax on my sleeve. 



Fig. G9. — ^The extremity alone of my 
stick of sealing- wax attracts the 
bits of paper. There is no effect 
at A. The wax is a non-oondmetor. 



Thus keeping in the electricity produced is caMed INSU- 
LATING a body. People use for this purpose silk, glass, 
resin, wax, porcelain, india-rubber, all of which are non-con- 
ductors. Woollen stuffs, dry leather, dry wood, are hot good 
conductors either. On the contrary, metals, water, and wet 
bodies, such as live plants, animals, and wet ground, are good 
conductors of electricity. 

45. Different Methods of obtaining Electricity. — Elec- 
tricity can be produced, first, hj friction; secondly, by bring- 
ing an unelectrified body into actual contact with an elec- 
trified one ; thirdly, by bringing an electrified body near to 
tin unelectrified one without allowing the two to touch. 

Thus we can get electricity, first, by friction, and under 
proper conditions; secondly, hj contact; thirdijjhj induction. 



Explain why the bar of iron wrapped np in folds of silk attracts them. How do we 
express the action of keeping in the electricity produced? 
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1. When a body is rubbed it becomes charged with a cer- 
tain quantity of electricity, which varies according to th^ 
nature of the body, positive in the case of glass, negative in 
the case of resin. 

2. When a body is touched by another body previously 
electrified, the former becomes charged with electricity of 
similar nature. In the experiment with the pith ball hung by 
a silk thread, the ball attracted by the wax became charged 
with negative electricity (that of the resin) ; but as soon as 
there was contact it was immediately repelled, because elec- 
tricities of similar nature repel each other. 

3. Electrical induction. Suppose you have a ball (Fig. 
70) charged with positive 
electricity. K you put 
this ball near another 
body, B, standing on an 
insulating foot, the body 
B divides itself as it were 
into two halves : that next 
to the ball C becomes 
charged with negative 
electricity; the other, D, 
with positive electricity. 
Hence this body, if mova- 
ble, will be attracted to- 
wards the electrified body, 

because electricities of different natures are mutually attracted. 
This action at a distance is called induction. 

46. Power of Points. — When a body capable of conduct- 
ing electricity is electrified, if it be perfectly round (Fig. 71) 
the electricity wiU spread equaMy over aU its surfoAX, If it be 
egg-shaped (Fig. 72) the electricity toUl collect especially at 
the two ends. If we suppose the egg-shaped body capable 
of being lengthened out as a bit of putty can be, aM the elec- 
tricity wiUcoUect at the two points. Were I to taper to a point 
one of the ends (Fig. 73), leaving the other round, all the elec- 
tricity voovld go to the point ; the body would be unable to re- 




Fio. 70. — Electrical indaction. The Ticinity 
of the ball A, charged with positive elec- 
tricity, indaces into C negative electricity, 
and at D positive electricity. 



Wl^t »re tlie different modes of electritylnj; a body? 

14 



tain any, all would run out at tlie point. This is wli&t is called 
the POWBB OF POINTS. It consists, you see, id this, that a body 



1 



Fm. TI. — BsotrM^ fio. Tl^-In ui agg-ahaiwd ._. 

liipnidmllamUM bodj elKtricllj will col- t«nniDaliag[nB point 

mrlM« Id » tnn. lect Mp«elkll]rkt the two all the elKtcicllj «- 

aodfl. &hp(fl ^ Ifabt pc^Dt. 

charged vnth electricity dUchargei iUelf rapidly if it it tapered 
off, or merely if a, pointed body is stuck in it or applied to it. 
Of course the body must be a conductor of electricity, else 
the electricity would 
quietly remMn where 
it was developed, with- 
out being able to reach 
the point. 

It is (Am power of 
point* that aliovn 

LIOHTNINQ CONDUOT- 

0R8 to be of any uee; 
it ii also this power 
that catiges the light- 
ning to be attracted 
etpeeially to sterlet 
and tall tree*, ruch at 

no. 74. — ElectilclU Rlidet g«ntly lowudi tha jtovlars. We muSt 
poInU of tteeplei or (all IrBBi, ud Hum tbnu ■• -r . n .■ . , 

bio Un >ir, KDd Into m cloud. examine further into 

this. 

47. A Li^htning-CondDctor. — We have already seen that 
when two bodies are charged, one with negative electricity, 
the other widi positive, they are attracted together. When 



A LIGHTNING-CONDUCTOR. 



53 



they come in contact with each other, or even when they 
come pretty close to each other, a spark passes between them, 
and their electricity disappears: they are said to be dis- 
charged (neutraMzed would be a better expression). More 
than this, if the electrified bodies were tapered to points the 
discharge wovM take plaice with so much ease that it would not 
even produce sparks. 

Thus, when a cloud charged with negative electricity ap- 
proaches the earth (Fig. 74), it electrt/ies by induction the 
earthy whose positive electricity, as I explained to you a little 
time ago, then accumulates upon all pointed objects. Then, if 
the cloud is not too near, or if it is not too strongly charged, 
or, again, if a shower has wet all those pointed objects and 
thus made them better conductors than usual, the electricity 
will glide genXly towards the points 
and from them into the air and 
the cloud, which will thus be neu- 
tralized. 

But if the cloud contains a great 
quantity of electricity, or if the 
electricity of the earth cannot find 
the requisite number of pointed 
bodies to allow it to pass away 
with sufficient rapidity, oM of 
a sudden a spark, in this case 
a FLASH OP lightning, springs 
forth, sometimes from the point to 
the cloud, sometimes from the cloud 
to the point, as the case may be. 
This flash is what is vulearly called Viq. 76.— if a thunderbolt faUa, it 

.1 ^,^^^^^ iT* •!_ X •! follows In preference the rod AE 

the THUNDERBOLT, whlch Strikes and is loBt in the earth C. 

in preference, as you know, trees 

and spires, especially when they have but few tall objects 

around them. 

« But " —Well, what do you wish to ask ?— " But then, 

if you put a lightning-conductor on the steeple (Fig. 75), as 




What happena when a cloud charged with negative electricity approaches the earth ? 
How does electricity affect the dond if it is not too heavily charged ? What happens if 
tbo cloud cootaius a great deal of electricity ? What oamo is given to this spark? 
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has been done here, there will be no escape poaaihle, and the 
lightning cannot fail to fall on that long sharp rod." — Quite 
right. But do not be afraid. Have you ever loolced closely 
at the Ughtning-eonduefor of the ohurch ateeple? Is there 
nothing besides the iron point ?— " Oh, yes ; there it a long 
iron rod, that nmt down oM along the hwUding" — And where 
does this rod finish off? — "I have heard that it passes down 
into a well, but I do not know if that is true, or why it should 
be so." — It is quite true, and I will tell you why it is so. 

When the cloud passes over the church, the water of the 
well and the iron rod of the lightning-conductor will always 
be in better condition to conduct electricity than any other 
part of the edifice, although it may be wet with the rain. 
The resolt of this is that the electricity of the earth will 
Always choose the easiest path towards the cloud. And If a 
fiash does spring forth, it will, ia /alHng, as people call it, take 
the road that ofiers least resistance. Electricity is lazy, or, 
at any rate, prefers avoiding difiSculties to overcoming them. 
This is the reason why the lightning-conductor will either 
discharge the elec- 
tricity of the cloud 
slowly and without 
flashes of lightning, 
or, if there be a fiash 
of %htning, the con- 
sequences will be 
home by the conduct- 
or itself, — that is to 
say, the point, the 
^ ., ^ ^, ^ ^ , ._ , rodj ^nd the well, — so 

b.wmn iwD ciDudB. that the church will 

be preserved. 
48. Two EindB of Lightning. — "Please, doei Ughining 
faU vfmevshere on the earth at every discharge of deetricity 
from the clouds ?" — No. There are flashes that take place 
between the earth and the thujider-ckmd, and it it in titch catet 

' ft bulldlnt thU bM 



PRODUCTION OF ELECTRICITY. 55 

that things on the earth are struck. Fortunately, however, in 
most cases lightning flashes from one cloud to another^ one 
cloud being charged with positive and the other with negative 
electricity (Fig. 76): these clouds discharge themselves on 
coming near each other. Lightning is accompanied by a 
great noise, called thunder^ produced by the displacement of 
air during the passage of the flash. This noise is prolonged 
by echoes rolling from cloud to cloud. The flashes that pass 
between the earth and a cUmid produce only a sharp, short 
thunder-clap. 

A certain interval of time, of greater or less duration, passes 
between the moment when the lightning is seen and that 
at which the thunder is heard. Can any of you explain to 
me why ? — " The lightning is seen as soon as it is produced, 
because light travels very rapidly ^ — Very well; and sound? 
''Sound travels only 1125 feet in a second, and is much longer 
on the way." — Very good ; and the knowledge of this fact 
affords a ready means for measuring the distance at which the 
lightning has been produced. Gotint the seconds between the 
time you see the lightning and the time you hear the thunder : 
the distance which separates you from the pla^ie of disturbance 
is as many tim£S 1125 feet as you have counted seconds. 

Production of Electricity. 

49. And now let us return to the means employed for pro- 
ducing electricity. You can easily understand that it is im- 
possible to obtain considerable quantities of electricity by 
merely rubbing a stick of sealing-wax with a bit of cloth in 
one's hand. The quantity thus developed is of no other use 
than to afford a little scientific amusement. 

Electricity is produced on a large scale by two kinds of 
instruments, — namely, electric machines and electric batteries. 



What are the consequences of this kind of lightning? What is the second sort of 
lightning? By what is this lightning accompanied? Why does this noise produce 

Srolong^ rollings? VHiy do we see lightning as soon as it is produced? Why 
068 an interval of time pass between the lightning and the thunder? How can 
we measore the distance that separates us from the point at which lightning if 
produced 7 By the help of what instruments is electricity produced ? 



50. Electric Maohinet. — Electric machines (Fig. 77) 
geaeraMy produce electricity Sy friction upon glass. They 
are frequently composed of a plate of glaaa A revolving be- 
tween two pairs of cushions CC*, DI/, that press on each side 
of the glass and rub on it as it turns. The elecbioity, vhioh 



A betwMD tlifl duhlOQI CC, DD'i pradau* 

is positive in this case, aocamnlates upon the metallic parts 
of the machine, so that when a large machine of this descrip- 
tion is employed, sparks strong enough to knock down a man 
may be obtained : these spar^ are sometimes about half a 
yard long. 

5L Electric Batteries are of a totally different nature, and 
work upon quite another principle. You must learn that 
whetiever a chemical change, or, to vae a more a^prt^riate 
exprestion, a chemical reaction, takes place, electkicity is 
DEVELOPED. Thus, when, in the course of our first lesson 
OD physios, we made sulphate of iron with some sulphuric 
acid and some iron, a. certain quantity of electricity was pro- 
duced ; only, as we paid no heed to it, it was lost. 

In electnc batteries things are arranged so as to gather in or 
condense this electricity. Peculiar arrangements are adopted 
according to the chemical reaction chosen. 

How do Blectrlc micb1n«t geneimlly produce electrldljt UpoD what prEucipleda 
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Fio. 78. — Electric pile. 
Tlie wire A touchiiit; 
tlie copper give« posi- 
tive electricity. The 
wire B toaching the 
Biuc giTM neg»tiTe 
electricity. 0, the 
union of these two 
poles, prodncing the 
electric current. 



In order to give you a pretty accurate idea of these bat- 
teries, I will make a very simple one before you. This 
battery, which I am going to make for 
your instruction, is called a pUe (Fig. 
78), and is similar to the earliest pile in- 
vented by the celebrated Volta. See, I 
pile up copper pennies, disks of zinc, and 
disks of doth, all of similar size, arranging 
them as follows: a copper penny, cloth, 
and zinc ; then another penny, and so on. 
When about ten of each have thus been 
piled up, I tie up the whole, dip it in some 
strong vinegar for a few moments, then 
wipe it and lay it on a plate. This done, 
two brass wires are fastened, one beneath 
and one above; one in contact with the 
zinc, the other with the copper. The acid of the vinegar at- 
tacks the zinc : a chemical reaction is thereby produced. The 
wire A that touches the copper will give positive electricity, 
while the wire B in contact with the zinc will give negative 
electricity. If I fasten together the two wires, or poles, as 
they are called, an elegtrio current will be produced, — 
very weak, of course, but still capable of shoeing itself. 

52. Effects of the Eleotrie Current — I will now show you 
several proofs of the existence of 
this current. 

First Proof. — Come here, 
and hold out the tip of your 

tongue (Fig. 79). There, I have rio. 79.— Yon feeU alight trembling 
y ^ \ ji»x"L • of yonr tongue (physiological ef- 

placed the end of the wires on feet). * vf ^ 't> 
it: do you feel anything? — 

"Yes, a saltish taste." — Anything else? — ^**AhI a sort of 
shaking in my tongue." — That is caused hy the pajssage of the 
current. If instead of this weak little pile I employed a strong 
one, you would be unable to bear it on your tongue. 6e- 

What is there in the battery we hare Just constructed that allows the eleotridCy 
to escape? What sort of electricity comes from the wire A that touches the cop- 
per? What sort of electricity comes flrom the wire B that touches the ainc? What 
will happen if I unite these two wires? Mention a physiological effect produced on 
the tongue by the electric current. 




tween your fingers, even, it would feel painful, and would give 

you violent shocks. 

Second Proof.— Here is a mariner's compass (Fig- 80), 
composed, as you all know, of a needle set on a pivot, and the 




iepU«(phyBkAleaa:I|. electric cum Dt IchemlcJeirect). 

needle pointe to the north. I lay the united wires of the 
pile upon the compass in such a manner that they shall be 
in the same direction as the needle. Immedi^ly the needle 
tumi and place* ttielf in a direction crossing the wires of the 
pile. 

Third Proof. — This time it is a glass of salt water (Fig. 
81) that will show us the esistence of the current The 
two ends of the wires are im- 
mersed in the water at some 
distance from each other. Ex- 
amine very closely, and you see 
that after a few moments little 
bubhles form at the end of each 
wire ; they disengage themselves 
and rise to the surface. These 
bubhlet are the result of the de- 
composition of the water, pro- 
duced hy the action of the electric 
Fio. S2.— A utile »p«rii appsura el current, as we shall see hereafter. 
™Q w?™" "" "fp*™""" 1 '"» Fourth Proof. — Lastly, let 
us carry our pile into the dark 
closet (Fig. 82), and shut everything carefully so as to be in 
complete darkness. I unite and separate several times the two 

HeDtloD e pbyileiil effect pn>duc 
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poles of the pile. You can see at each contact a smaU, very 
smaH, spark appear. 

And so we have obtained with our rough apparatus all the 
effects that strong electric machines give : 1. Action upon the 
human body, or physiological effect; 2. Action upon the mag- 
netic needle, and the production of sparks giving light and 
heat, or physical effect; 3. The decomposition of water, or 
chemical effect. 

But with large batteries or piles very extraordinary effects 
are obtained. A single shock is capable of throwing the 
strongest man into convulsions, or even killing him. When 
the sparks are made to pass between two points of carbon 
they produce the marvellous and splendid electric light, which 
is now used to light up our great cities. By the aid of elec- 
tricity, various substances can be decomposed and metals may 
be deposited upon other bodies, as in gilding or silvering. 
And how many other marvels might I mention I but the list 
would be too long. Among the more useful applications are 
the electric telegraph, which carries news all around the world 
by means of a wire along which electricity runs with a fleetness 
equal to that of light ; the telephone, which carries to a dis- 
tance and reproduces the human voice, so that one may by its 
aid converse with and recognize the voices of persons in far- 
distant cities ; the microphone also, which amplifies sound so 
as to render audible what was imperceptible, to such an extent 
that a fly walking over a sheet of paper makes as much noise 
as a horse prancing on a sonorous floor. Ah ! it would take 
a lifetime to study the half of all these marvels. 

SUMMARY.— ELECTRICITY. 

1. Positive Eleotrioity, Negative Eleotricity (p. 46). — Friction de- 
velops on the surface of wax and of glass a certain force called elec- 
tricity. 

8. Electricity obtained from wax is called neoatiyb electricity. 

8. Electricity obtained from glass is called positiyb electricity. 



Mention a second physical effect produced by the union and separation of the two 
poles of the battery. What effect is produced by a strong battery upon a man ? Name 
two applications of electricity to industry. Tell me of the electric telegraph. Of 
the telephone. Of the microphone. 
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4. Bodies charged with positive electricity repel those charged with 
positive electricity. 

6. Bodies charged with negative electricity repel those charged with 
negative electricity. 

6. On the contrary, bodies charged with positive electricity attract 
bodies charged with negative electricity. 

7t Hence the two following laws : 

1. Bodies charged with similar kinds of electricity r^el each other. 

2. Bodies charged loith electricity of opposite kinds attract each other, 

8. Bodies that are Oood Condootori, Bodies that are Bad Con- 
daotors (p. 48). — If instead of rubbing wax or gla^s I rub an iron rod, 
the electricity developed by the friction spreads itself oyer the rod, passes 
through my body, and disappears in the soil. 

9. In the case of the wax and the glass it is the contrary : the elec- 
tricity rematfM just where the friction developed it. 

10. It is said, for this reason, that iron, the human body, the earth, and 
water are good conductors of electricity. 

11. Wax, glass, and silk are bad conductors. 

12. In order to obtain any manifestation of the presence of electricity 
in the rod, I am obliged to wrap around it several folds of silk. 

18. This process of thus keeping in electricity by means of a body which 
is a non-conductor is called insulation. 

14. Eleotrio Sparks (p. 49). — When one holds his finger near a large 
plate of resin that has undergone vigorous and prolonged friction, small 
sparks are emitted with a dry crackling noise. This is in reality a minia- 
ture thunder-storm : the spark is the lightning, and the crackling noise the 
thunder. 

16. Bodies can be electrified by friction^ by contact, or by induction 
(p. 50). 

16. Power of Points (p. 51). — Electricity concentrates itself at the end 
of any pointed object, so that a pointed body which is a good conductor 
discharges its electricity at the point. 

17. Lightning-conductors (p. 52). — ^This power of points, which induces 
lightning so frequently to fall upon spires and tall trees, etc., is applied to 
the construction of lightning-conductors. 

18. A lightning-conductor is composed of a long pointed rod to which 
is attached a thick iron rod that descends into a well. 

19. When a stormy cloud, we will suppose charged with negative elec- 
tricity, comes near enough to the eartn, it attracts all the positive elec- 
tricity. 

80. This being the case, one or the other of the two following phenom- 
ena must take place : 

1. If the cloud be not too near, or if it be not too heavily charged with 
electricity, the electricity contained in the soil will glide gently towards 
the point of the lightning-conductor, and thence into the cloud, which will 
thereby be neutralized. 

2. If, on the contrary, the cloud be heavily charged with electricity, the 
spark will spring between the conductor and the cloud, and the electricity 
will be guided along the iron rod and disappear in the well. 

81. Fortunately, the greater number of flashes of lightning pass from 
one cloud to another, instead of passing between the earth and a cloud. 
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28. Eleetrio Maehinei and Eleotrio Batteries (p. 55).— Eleotricity 
can be artificially produced by two kinds of instraments, electric machinet 
and electric batteries or pilee, 

88. The machines produce electricity by friction. 

84. Electric batteries are made on the principle that to&enever a chemi- 
cal COMPOSITION or DECOMPOSITION takee place, in other words, in every 
CHEMICAL REACTION, be it Strong or loeak, electricity it produced, 

85. Batteries give both negative electricity and positive electricity. 

86. On bringing together the two wires which unite both electricities, 
an electric current is obtained. 

87. From this current there can be obtained phyeiological effects (a 
trembling in the tongue, convulsions, sometimes even death), phyeical 
effects (deviation of the magnetic needle, sparks, electric light), and chem- 
teal effects (decomposition of water). 

[Simple Stdffecttfcr eompotUion are to be found at page 94]. 

TL— MAGNETS. 

53. Look at this horseshoe-sliaped piece of steel (Fig. 
83). To outward appearance it has nothing extraordinary 
about it. But see, if I present its two ends to a sewing- 
needle (Fig. 84), when within half an inch 
of it the needle raises itself from the table, flies 
towards the instrument I present to it, and 
clings fast to it: A sharp shake is necessary to 
make it quit its hold. 

This piece of steel which attracts both iron 
and steel is what is called a maqnet. 





Fio. 83. — A magnet. 



Fio. 84.— The needle fliea to the 
magnet and clings te It. 



64. Attraotion of Iron by the Hagnet. — Here mingled 
together and spread out upon a plate are some iron and cop- 
per filings, sawdust, cinders, coal-dust, and sand (Fig. 85). 



What Is the effect of the magnet on iron fllingsT What ou copper and certain 
other bodies? 
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At some distance above the plate I pass the two ends of my 
magnet. See how the iron filings are attracted by it and 
fimdy adhere to it, while the copper and all the rest remain 
quite still. The magnet attracts iron only. 

The action of a ma^gnetic bar is almost exclusively limited 
to its two ends. You may observe that with the curved 
part of my magnet I can scarcely make the needle move 






Fio. 85. — The magnet attracts iron FiG. 86. — The curved part hardly 

only. acts at alL 

(Fig. 86). And this is the reason why magneto are gen- 
erally made in the shape of a horseshoe, so as to be able to 
act with both ends at a time. 

55. Distant Action of the Maraet. — Magnets^ as you see, 
can act at a distance, for the needle moved while the magnet 

was half an inch distant ; and nothing 
can prevent this action. In proof of 
this I place the needle on a sheet of 
paper, on a bit of silk, or on a pane of 

no. 87.-The needle follows g^^ss (Fig. 87). You Can pass the 
the magnet even at the magnet Under the object which thus 

other side of the sheet of 2. *i. i* j."l Ji j ^ 

giags. separates it from the needle, and, not- 

withstanding the obstacle^ the needle 
faithfuUy foUows the magnet in whatever direction it takes, the 
intervening body being incapable of preventing magnetic action, 

56. Magnetism by Contact. — Let us now put the needle 
upon the two ends of the magnet, and bring it near the iron 
filings (Fig. 88). The filings are immediately attracted to- 
wards the needle and adhere to it ; thus, you see, the needle 
has been magnetized by its contact with the magnet. We may 



Do all the parts of a magnetic bar act in the same manner? Why are magnets 
generally made in the form of a horseshoe ? Does the needle follow the magnet 
even when separated by glass? 
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now separate the needle from the magnet, it will nevertheless 
retain its power of attracting the iron filings (Fig. 89). The 
needle has itself become a magnet , 

Even until lately this was the process by which all mag- 
nets used in physics were made. A piece of steel was rubbed 
upon a previously prepared magnet, which thus immediately 
magnetized the piece of steel. I say steel, not iron, for 





FiQ. 88. — The needle is luagnetiBod Fio. 89. — The two ends of the 

(magnetism by contact). needle attract the filings. 

although this latter is very easUy magnetized, more easily 
even than steel, yet it does not retain its m>agnetic povoer; 
when iron is quite pure, it loses its magnetism as soon as its 
contact with the magnet ceases. 

67. Vatnral Hagnet. — What makes you look so perplexed 
when I say that magnets are made by rubbing a piece of 
steel with a previously magnetized magnet ? — ^^ I was won- 
dering where the first magnet came from : it at least could 
not have been made by rubbing it against another, since no 
other existed." — Ah ! well, that bit of curiosity will soon be 
satisfied; in fact, it was about this that I was just going to 
speak to you. 

All magnets are not artificial : there exist also ruttaral mag- 
nets. A certain iron-ore, called loadstone, has the power of 
attracting iron. This ore is abundantly found in Sweden, 
and also in Asia Minor, near an ancient Greek town. Mag- 
nesia, Hence the name of magnetism was given by the 

Qf^n (be Qeedla }a Its X^n beoome a magnet 7 How 7 
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Greeks to the peculiar properties of this ore. This word 
is used with the same signification up to the present day. 
You understand now, do you not? With ncUurcU ma^inets 
steel bars have been rubbed, from them artificial m^a^gnets have 
been obtained, and so on. In our days people have other 
modes of arriving at the same result. I shall tell you of 
these in another lesson. 

And now let us pass on to something else. 
58. Magnetic Attraction and Bepulsion. — Here is a steel 
knitting-needle. I magnetize it by rubbing it with a magnet : 

it attracts, as you see, the iron filings at 
both its ends. I suspend it by the mid- 
dle to the stand (Fig. 90) we used in a 
precedin g experiment. The knitting-needle 
moves about, oscillates as we ought to say, 
for a time, but finally comes to rest, and 
'Ka remains motionless in a certain direction. 

^ Vr Then, to one end A of the suspended 

pj^ needle I present one of the ends A' of 

my magnet: the needle is evidently at- 
tracted. And in that fact there is noth- 
ing to surprise us. But wait a little : 
wonderful things are to happen, only, as 
they are somewhat complicated in appearance, we take the 
precaution of marking A, A', the ends of the magnet and of 
the needle which attract each other. 

During this time the needle has become quiet again, and 
has returned to its first position. I present to the end A of 
the needle the end B' of the magnet. Strange to say, the 
needle is repelled from the magnet. We will draw back our 
magnet, and wait till the needle gets settled again. 

Let us see what will happen now if we put to the end B 
of the needle (the end we have not marked) the end B' of 
,the magnet : attraction is shown here also. Let us present 
the end A' : the needle is repelled. 

So when we bring near each other two magnets, their ends 
attract or repel each other (Fig. 90). 



Fio. 90.— The extremi- 
ties of the two mag. 
nets are attracted or 
repelled. 



Bow were the first magnets obtained? 



AND BEPULSION. 



Nov, in order that you may tmderstand all this clearly, I 
ehall magnetize two ^tting-needles A, A' (Fig. 91) placed 
alongside of each other. For this pnrpose I set the marked 
end of my magnet on the middle M of the two needles, and 



gently rub them with the magnet from, the middle to one of 
the ends A, A', repeating this operation several times. Then 
with the unmarked end of the magnet (Fig- 92) I ruh from 
the middle to the end B, B', the part of the needle that re- 
mained untouched the first time, and, as in the preceding 
case, repeat the rubhing several times. 

The two needles are now magnetjied. To avoid confusion, 
I shall put ink on the ends B, B' of the needles (Fig. 93) : 
then I shall suspend one of them by ita middle, t£e one 



t 



^- 



marked A, B, for iustanoe. You will subsequently see that If 
I present to the end A of the suspended needle the end A' 
of the other needle, the end A will be repelled ; if I present 
the end B, on the contrary, A will he attracted. The reverse 
will be the case if the end B be applied. 
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Thus there are at the two ends of one needle, or, to use the 
proper expression, at the two poles, two kinds of magnetism, 
as there are two kinds of electricity at the two ends of a body 
electrified by induction, or at the two poles of an electric ma^ 
chine. It is perfectly evident that there is the same mag- 
netism at B and B' on the one hand, and at A and A' on 
the other. 

We can thus say that poles of similar nature repel each 
other, while poles of opposite nature attract each other : the 
rule is the same as that applicable to electricity. 

You were aware of this fact, although unable to explain it, 
as you have all seen the small metal ducks that float on water 
and follow or flee from a magnetic needle according to the 
end presented to them ; and this because in the duck's bill a 
piece of magnetized steel is hidden. Here is one of these 
toys (Fig. 94), and you see how very docile the good duck is. 
59. Mariner's Compass. — And now let us return to our 
suspended knitting-needle. You see, of its own accord it has 
set itself in a certain direction ; if I turn it aside, it swings 
awhile and then returns to its first position. Now note in 

what direction it turns. One end- points to the 
north, the other of course to the south 

The Mariner's Compass (Fig. 95), of 
which you all have heard, is merely a mag- 
netized needle, but instead of being hung on 
^^tif'^lli\\L a thread, in which case the instrument could 
mariner's compHBB not be easily Carried about without damage, 
the north? ^^ it is placed on a pivot, which allows it to turn 

freely in any direction. It is, moreover, shut 
up in a box with a glass lid, so that nothing can harm it. 

It is quite unnecessary to mention the importance of the 
mariner's compass, and the immense service it renders to 
sailors on the trackless sea; for, as everybody knows, its 
needle, constantly pointing to the north, allows the cardinal 
points to be found under any circumstance whatever. 

It is, however, necessary that there be no other magnet 

In what do the two ends of a magnetised needle differ? What are the laws of 
maf^etic attraction and repulsion? What direction does a maf^netic nee<}|e (al(9 
Wbeo su8pQ(}e4? Wl){^t i# tlie piariDer's compass? 
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and no mass of iron in the immediate neighborhood of the 
compass, otherwise the needle would deviate and give false 
indications. ' On board iron-clad vessels the regulation of the 
magnetic needle is therefore no easy matter. 

The compass has been used in Europe for four or five cen- 
turies, but it was known to the Chinese long before that. 

60. Magnietization by the Electric Pile. — I have already 
told you that magnets are no longer generally made by 
rubbing steel with another magnet. The other process I 
promised to explain is the following, and in order to make the 
explanation as attractive as possible I shall make a magnet 
before you. For this purpose I take a nail A, B (Fig. 96), of 
wrought iron ; around it 
I wrap some straw, which 
is an insulating body; 
then, taking one of the 
wires C of the electric 
pile we made a little 

while ago, I wind it a ir,a. 96.— As Boon M the electric current ia 
Srreat man V times round 1*»»* through the wire, the nail B, A, is mag- 
S *' IT netized (electro-magnet). 

the straw. You can con- 
vince yourselves that at present the two ends of the nail, 
which are not covered by straw and wire, have no attractive 
effect on the iron filings. Things being thus prepared, / 
bring together dt^ the two wires C, D, of the pde, otherwise 
caMed the two poles ; the electric current passes and circulates 
AROUND the nail; immediately the latter is magnetized and 
exercises attraction upon the iron filings. When I interrupt 
the current by separating the wires C, D, the iron filings fall 
off; when I again allow the current to pass, the filings cling 
once more to the nail, and so on. 

Thus we have made what is called an electro-magnet, a 
word easily understood. Ours is of course a very weak one, 
for it can scarcely lift tiny iron filings. But with strong 
currents electro-magnets have been made capable of lifting 
and holding suspended several tons' weight. 

What should be done in order to magnetize a nail by the pile? Tour arrange- 
ments being completed, what is now necessary in order to magnetixe the lUuU? 
What name is given to iron thus magnetized? 

15 
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Electro-magnets constitute the fundamental part of the 
dectric telegraph, one of the many marvellous applications 
of electricity. 

SUMMARY.— MAGNETS. 

1. Xagnetf and Xagnetiiin (p. 61). — A magnet is a pieee of steel 
which has the power of attraoting iron. 

2. This power has been called magnetism. 

8. If a steel needle be nibbed with a magnet it will manifest magnetic 
power. 

4. There are two torU of magnetism, just as there are two torts of elec- 
tricity. 

6. If one of the extremities or poles of a magnetised needle take one 
sort of magnetism, the other extremity will take the magnetism of the op« 
posite sort. 

6. Poles of similar nature repbl each other; those of different na- 
ture ATTRACT each other. (The rule is the same as that applicable to 
dectricity.) 

7. The Xariner'l Compasi is merely a magnetised needle placed 
upon a piyot. When at rest, one end of the needle is constantly directed 
towards the north. 

8. At the present day iron or steel is magnetised by the action of elec- 
tric currents. This is the principle of the electric telegraph, 

[Simple Subjects of composition are to be found at page 94.] 



VII -WEIGHT, AND GRAVITATION. 

Weierht and Density. 

61. Force of Oravity. — I hold in my hand a small stone 
and a sheet of paper. I let both go at the same time, and 
the stone falls straight to the ground, while the paper floats 
and oscillates an instant, but finally reaches the floor. What 
I have done with these two bodies I might have done with 
many others : let go in the air^ thei/ would have faUen to the 
ground. 

I take the paper and the stone in my hand once more ; 
but this time before I let go the paper I shall crush it up into 
a ball, as small and as tight as possible. There, look : this 
time the paper ball falls as rapidly as the stone, and both 
reach the floor at the same moment. 

This is one demonstration of the fact that aU bodies fall 
fcith equal rapidity : when differences exist they are caitsed 
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zolely hy the resistatice of the air^ which is greater or less 
according to the extent of surface presented to ity the greater 
surface of course offering the greater resistance. 

Stand forward and hold out your open hand (Fig. 97). 
Here is a small ball of lead. I shall let it fall into your hand 






Fio. 97.—' * That does not 
hurt me." 



"This time I felt it 
more smartly." 



**This time it makes my 
fingers tingle." 



from the height of about three inches. That does not hurt 
you, does it ? — " No." — ^Well, this time I shall hold it a yard 
high before letting it fall. — ^^ Ah ! this time I felt it more 
smartly." — Well, let us try once more. This time I shall get 
upon the chair and let it drop from twice the former height. — 
" Ah ! this time it makes my fingers tingle." — Then that is 
enough. Now, what should we conclude from this experi- 
ment ? We must evidently conclude that tfie longer the faU 
lastSf the greater is the force that the body acquires, or, in other 
words, the greater the distance through which a faUing hody 
hoA to pass, the greater is the rapidity attained. 

And this rapidity, when the body falls from a great height, 
is so considerable that one cannot see it pass. For instance, 
in the first second a falling body travels 16 feet and one-tenth ; 
the same body, in the next second, falls 48 feet and three-tenths ; 
during the 5th second, about 145 feet ; and about 306 feet 
during the 10th second of its fall ; and so on, always increasing 



As all bodies fall with the same rapidity, how is it that a sheet of paper falls less 
quickly than a stone ? What conclunion may we form from the falling of bodies ? 
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its velocity more and more. Thus, were you to jump out of 
the school-room window, which is 3} feet above the level of 
the court-yard, you would do yourself no harm ; but were 
you to fall from the church steeple, which is 50 feet high, 
your bones would be broken by striking the ground. 

62. The YertieaL — A body that falls to the ground fol- 
lows no capricious or uncertain course. If it has not been 
thrown, it wiR always faU in a straight line A, B (Fig. 98) 
which is perpendicular to the surface of toater. This line is 





Fio. 98. — The vertical line A, B is perpendicular 
to the surface of water. 



Fio. 99. — Plumb-line used 
by masons. 



called VERTICAL. In order easily to find the vertical line, a 
somewhat heavy body is suspended to the end of a string ; 
the weight of the body causes the string to hang vertically. 
This string with its heavy body is what is called a plumh-Une 
(Fig. 99). 

63. Weight of Bodies. — This time, hold out both your 
hands. Do not be afraid : I shall not hurt you. I merely 
wish to put in one, A (Fig. 100), a piece of cork, and in the 
other, B, a piece of lead of equal dimensions. What differ- 
ence do you find between these two bodies ? — " Oh, the lead 
is much heavier than the cork." — Very well ; but tell me what 
you mean when you say it is " heavier^ — " Well, I think it 
is that I have greater difficulty in keeping it from falling.^* 



What direction does a falling body take ? What is its line of descent called f How 
may a vertical line be easily found? What name is f^ven to an instrument con- 
structed to show this? What is meant when we say that one body is heavier than 
another? 
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Exactly so. All bodies fall with equal rapidity^ hut not toith 
eqtud force. You could hardly bear the fall of the lead ball I 
dropped from the height of two yards a little while ago, while 
you might catch this cork in your hand without harm were 





Fio. 100. — ^The piece of lead is much heavier than the cork. 



• 



it thrown from the top of the house. A body that fcdh 
with yreater force than another is said to he HEAyiEB, or 
weightier, than another, 

64. Density of Bodies. — All this is not so simple as it 
looks. Once more stretch out both hands. This time I put 
in them a little piece of lead and a little piece of cork. The 
lead is still the heavier, is it not? — ^^ Yes." — Very well ; but 
now I heap on your hand a great many pieces of cork until your 
hand is full. Which is the heavier now, the lead or the cork ? 
— " Ah I now it is the cork ; but that is not surprising, for it 
is ten times bigger than the lead." — Surprising or not, it is 
nevertheless true that the cork is now heavier than the lead. 
What can you say to that? 

^' Ah 1 in order to compare the weight of the lead with the 
weight of the cork, it is necessary that both be of the same 
SIZE."— Quite right We will, then, conclude that a body is 
"heavier" than another, or, in other words, that it has a 
greater weight than another, when it falls with greater force 
than the other, whatever be its volume : thus, we say, a large 
cork is " heavier" than a little ball of lead ; but when of two 
bodies of equal dimensions one is heavier than the other, 
we may conclude that the heavier is " denser ;" the lead, 
then, is " denser" than the cork. 

But it is not only solid bodies that have greater or less 

What conditions ought two hodies to present if we wish to compere them? When 
ia.it said that one hody is heavier or weightier than another? When is it said that 
one hody is denser than another? 
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weight, greater or less density. Here is a small bottle, A, full 
of waterTFig. 101), and another, B, of equal size, full of mer- 
cury. Weigh them in your hands as you did with the lead 

and the cork. What a differ- 
ence there is between them ! 
And no wonder; for a certa/m 
volume of mercury m 1 3 i tim>es 
as heavy as an equal volume 
A, water. B, mercury, of vxUer ; or, to use another 

Fio. 101.— The density of water, A (weight expression, the density of m/er- 

of the same ▼olume), being 1, that of '' • i o i ^ • ^ ^i 

mercury, B, is 13.6. oury^ M \6\ tvmes greater than 

that of water. For conve- 
nience' sake, people have agreed upon taking water as the 
standard in this matter: the density of water, then, being 1, 
that ofvMTcwry m,ust he 13}, or, more exactly, 13.6. 

In like manner it is said that the density of lead is 11.4 ; 
that of gold, 19.3 ; that of iron, 7.8 ; that of ordinary stone, 
2.7 ; that of glass, 2.5 ; that of oak wood, 0.6 ; that of wine, 
0.9 ; that of pure alcohol, 0.8. 

Lastly, ga^s also have weight and different degrees of 
density. Air is only -^i^ as heavy as water ; yet it weighs 
something, for a bottle full of air is heavier than one from 

which, by means of an 
air-pump, the air has been 
totally removed. 

66. Balances. — You 
were easily able to tell 
me a little while ago 
that the piece of lead 
was heavier than a piece 
of cork of the same size, 
and this simply by 
weighing them in your 

Fio. 102.~0rdinary scales, CD, beam. hands ; but that WaS be- 

cause the difference was 
very considerable. You would not be able to detect slight 




Explain what is understood by the word den$Uy^ taking for example water and 
mercury. Name the density of some other bodies. Hm ur any weight? What is 
the weight of air as oompai«d with that of water ? 
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differences. In such cases you must have recourse to instru- 
ments called BALANCES, or scales. There are several kinds 
of balances. The simplest and most in use (Fig. 102) are com- 
posed of a vertical stationary rod AB, and a horizontal mova- 
ble rod CD, supported exactly at its middle on the top of 
the vertical rod. At each end of this horizontal rod, called 
the beam of the balance, two pans are hung. When these pam 
and their sfiJLspending chains are exactly of equal weight, the 
bea/m remains per/ectfy horizontal, and the index-needle points 
to the middle of the scale. So it remains if an equal weight 
is placed in each pan. But if there be additional weight in 
one pan, the pan containing the heavier object will descend. 
With such an instrument one not only learns whether two 
bodies have equal weight, but the difference between them can 
also be ascertained. For this purpose the body whose weight 
you wish to know is compared with others of which the weights 
are previously known, and which are used as standards or units. 
The principal unit or standard in the metric system is the 
gramme, the weight of a cubic centimetre of distilled water. 

66. How to Measure the Weight of Solid Bodies. — ^I 
put in one of the scales the body which I desire to weigh ; 
let it be this piece of lead, for instance. In the other I place 
weights until the beam becomes exactly horizontal. I have 
then only to add up these weights to ascertain what the 
piece of lead weighs. 

The balance I have described is the common rather old- 
fashioned balance, with the pans hung under the beam. 
Many other sorts exist, but we have not time now to consider 
the details of their mechanism. 

67. How to Measure the Density of Solids. — Now, if with 
the help of my scales and my piece of lead I wish to calcu- 
late this time not the weight but the density of lead, I can 
very easily do so. 

I already know the weight of this piece of lead (I shall 
call it W). If I knew the weight of a volume of water equal 
to that of the lead and called that weight w, I should only 

W 
have to divide W by tc, and the ratio — would give the den- 
sity of the lead. 
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Iq the first place, however, the volume moBt be ascertained ; 
and that seems rather difficult on account of the irregular 
shape of the piece of lead. This difficulty 
will be easilj overcome by taking a vessel 
the capacity of which has been measured, 
and on which different measures are indi- 
cated by figures: this vessel is what is called 
a gradvaUd gauge. I pour in water until 
it rises to the number 100. Then I drop 
into the vessel the lead, whose weight I 
have found to be 85.5 grammes ; the water 
rises to 160. What is the volume of the 
lead? — "Evidently it takes up 60 divis- 

Fio. 103. — The letd ious." 

™"« T(o"ri»'*io Now, I know the weight of the water 

leo: the ^ira»D« that fills up those 60 divisions of the gauge: 

iw^taM^ •oinme j^ ^ exactly 7,5 grammes ; I have thus the 

weight w; I measured W directly. The 

W 

density, then, is —; thatistosay, in short,11.4. Sothelead 

weighs proportionately 11.4 times heavier than water. 

You see that the density of lead is 
less than that of mercury. Strange 
enough it is to see a piece of lead 
float on the surface of mercury as a 
cork would float upon water. 

68. How to Measure the Density 
aod the Weig'ht of Fluida. — Wheo 
we wish to weigh a solid, nothing is 
more simple i we put it directly in 
' one of the scales, while in the other 
we add weights until we balance 
both. 
""■. 'K'";"'!!' '?.•**"*'" "» In order to know the weight of a 

weight or a liquid or or kgu. ,. .. i ■» ■ j i j 

liquid, we put it into a vessel and 
weigh both together; aft«rwards we ascertain what is the 
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weight of the empty glass, and deduct its weight from that 
which we found for the whole. 

Thus it is that we ascertain that mercury weighs 13.6 times 
as much as an equal volume of water : consequently its den- 
sity is 13.6. In like manner we find that the density of ordi- 
nary ether is 0.7, the density of water being always taken as 
a standard. 

The weight and density of gases are ascertained in like 
manner. 

In the case of air, for instance, a bottle full of air is 
weighed in the first place ; then, with an air-pump, the air is 
removed. The bottle, of course, then weighs less. The dif- 
ference is evidently the weight of the air removed. The vol- 
ume of the bottle being known, the density of the air may 
be calculated. It is 773 times lighter than water. 

69. Belation between Temperature and Density. — 

When it is said that the density of gold is 19.3, that of 
mercury 13.6, and that of air j^ that of water, it is necessary 
to specify that these measures have been taken at the tem- 
perature of 0° centigrade. 

Do you see the reason for this ? Do you know whether a 
cubic inch of gold at 0^ will weigh more or less than a cubic 
inch at 100° centigrade? — ^** It will always have the same 
weight, for it will always be a cubic inch." — You are mis- 
taken there. Listen to this. 

Here is the cubic inch of gold. At the freezing-point it 
weighs a certain amount. If I put it in boiling water it will 
expand, as I have already told you. So it is no longer a 
cubic inch, but a cubic inch and something over. If I pare 
off this something over, it is evident that the weight will be 
diminished. Therefore at 100° the cubic inch of gold will 
weigh less than a cubic inch at zero. 

As LIQUIDS expand inuch more than solids, the differences 
in their density at different degrees of temperature are still 
more important. 

But these differences are nothing compared to those given 
by OASES, on account of their excessive elasticity. A given 

How would yoa find the weight of a gaa? 
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volnme of air at 0" increaies about a third part of iu bulk 
when heated to 100° centigrade. So the weight of a volume of 
air at 100° is one-third less than that of an equal volume at 0°. 

You can Bee from all this that it is absolutely necessary 
when speaking of the density of gases and liquids to mention 
at what temperature they were measured. And, to simplify 
things as much as possible, the temperature of melting ice 
is always taken as a standard. The only exception made is 
in the case of water, whose density is taken at 4° above lero 
of the centigrade scale. Thus, when it is said that a cubic 
centimetre of water weighs a certain amount, you must know 
that it is at 4 degrees. For, strange to say, it is at the tem- 
perature of 4° centigrade, or about 39° Fahrenheit, that water 
attains its greatest density. 

Now I hope you all know with sufficient accuracy what is 
meant by the weicfkt and the density of a body, and that you 
are also capable of finding both. 

Preaeure of Liquids. 

70. Ontflow of Liquids. — Let us go now into the garden 
and see what we can learn from tbe humble water-cask. 
I have turned the tap at the 
bottom, and the water gushes 
forth, shooting out to a good 
distance. If you pat your hand 
in the jet, you will find that the 
water comes out with consider- 
able force. 

As the cask becomes empty 
rio.106.— A« tiiecMi(t»niniMeinptj thc jet dimimghes t» gtrength: 
Indj^^STkg^u^Ljfwin'^fc from a (Fig. 105) it goes back 
gradually to b, then to c, and 
finaUy the water would /all almost straight down. But you 
know all that: so I turn off the tap, as we shall require more 
water in a short time. 

Were I to ask you what makes the water shoot out thus. 
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what reason could you give ? — " It is the weight of the water 
in the cask, since the more water there is the stronger the jet 
is. It is the water that pushes ^ 

71. The Pressure depends upon the Height. — Quite right : 
it is the water that pushes. But it is not, as you might sup- 
pose, the whole bulk of the water : the gyuintity thai there is 
in the cask has nothing to do toith the matter : it is the HEIGHT 
of the water above the jet that is important. 

Now let us return to the school-room : I shall there prove to 
you, with a very simple instrument, what I have just asserted. 

This instrument, which I made with my own hands to 
avoid expense, is composed of a tin tube AB (Fig. lOGY 
well corked at the lower end. I have pierced in it a little 
hole at C, corked, also, for the time being. At A I have 





Whether there be a simple tube AD, or a large fnnnel, the water flows to O, 8 
inches from F ; for it is not the quantity of water that influences the force of the 
jet: Ui»it$ htlgia that U imporlanL 

adjusted a second tube D, much narrower than the first, and 
the whole is filled with water to a certain height. The in- 
strument contains, as I have previously measured, 60 cubic 
inches of water, 10 of which are in the tube D. I now with- 
draw the little cork, and the water springs out to a good dis- 
tance, and reaches G, but it rapidly loses strength and falls 
close to the tube. Lot us measure the distance G. It is 8 
inches. 

I cork the hole again, and instead of the little tube on 
the top I put a large funnel D (Fig. 107), and pour in 
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water to tlie same height as before. For this I have required 
300 cubic inches of water, 100 of which are in the funnel : 

so that it contains 10 times m^ore 
than the little tube. When the cork 
is taken out, will the water spring 
to a greater distance than it did be- 
fore? — "Yes: as the amount of 
water in the funnel is ten times 
greater than the amount in the tube, 
it will push ten times harder." — 
Ahl you are wrong there. But 
pull out the cork and learn for 
yourself. See, the waJter shoots no 
farther than 8 inches. The jet 
lasts much longer, because there is 
a greater quantity of water ; but it 
has no greater force than in the 
first case. You see, then, I was 
right in saying thai HEIGHT ahne 
is important, 

I shall give you another proof. 
Here is a tube similar to the first, 
except that it is five times as long 
(Fig. 108); it contains only half 
the quantity of liquid that was in 
the funnel. This I fix on my tin 
tube, and begin to pour water into 
it. Bang! out flies the cork G 
no. 108 - The pressure has before the Upper tube D is half 

made the little cork fly out, «|| j j .1 • , i . j« . 

although there is less water nllea, and tbe Jet shoots a distance 

In the tube than in the funnel, ^f ^f Ipoat 1 5 inpliPR - Wliaf. pan 
because the height CD is much ^^ *** ^^^^ ^^ mcnes. YV nai can 

greater. be the rcasou of this ? It is, that 

the pressure of the water was so 
strong that the cork was unable to support it ; and yet there 
was less water than was in the funnel a short time ago. 

72. Heasnre of the Pressare. — This leads to the conclimon 




I procure a simple tin tube and a funnel : what will become of the Jet of water 
which I allow to flow flrom th^ side at tbe bottom of the tin tube? 
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that thepresttire of Kater on the bottom of a vessel depends en- 
tirely on the HEIGHT of the water. So, if you pour water into a 
vessel the bottom of which has a surface of one square inch, 
until it reaches the height of one inch, the pressure it exerta 
is equal to the weight of a cuhic inch of water. If the water 
poured in reaches the height of ten inches, the pressure ex- 
erted will be equal to the weight of 10 cubic inches of water, 
and that whether the vetgel be TVB^-ehaped or like a FUNNEL. 

Very evidently if the bottom of the vessel presented a sur- 
face measuring 2 square inches the pressure of water an inch 
deep would be equal to the weight of 2 cubic inobes of 
water; a depth of 10 inches would likewise ^ve a pressure 
equal to the weight of 20 cubic iDches. 
For, naturally, each square inch of the 
surface of the bottom supports on ita 
own account an equal weight. 

A very simple experiment will show ' 
clearly the pressure of liquids, and 
^ve us at the same time its measure. 

I take the glass chimney of a com- 
mon lamp (Fig. 109), and put below 
it a bit of card-board B that fits closely 
against it. I then plunge the whole into 
a vessel full of water. The paste- 
board, which I kept close to the lamp- 
chimney at first by a thread, remains 

in its place without any other help ''^.'^^'^^t^-^^ 
than the upward pressure exert«d u>" ""jr "ett» "^^^f^ 
upon it by the water in the vessel. I unm th« wsur pound 
then pour water into the lamp-glass. iSS"^', '™S*l^,ii, "S 
As soon as the water reaches the same ih« thhI. 
level as the water in the vessel, the 

card-board is displaced and falls to the bottom. This indi- 
cates that the pressure exerted from behw on the card-board 
was equal to a column of water having for base the opening 
C of tbe lamp^lass, and for height that marked C, A. 

WhT)>Htfa«Mo' witor coming rrom Ibe [UddsI uo more force thiD tbatcomlnf 



73. Inflneaoe of the Senaity of Liquids. — Of coarse the 
greater the density of & liquid, the greater will be the pressure 
of & column of that liquid. Therefore it is evident that since 
the density of mercury ia 13} times as great as that of water, 
the pressure of a column of mercury 1 foot high is equal to 
the pressure exer(«d by a column of water 131 feet high. 

74. Eqailibriam of Pressure. — Tuck up your sleeve, 
and place your hand flat (Fig. 110) on the bottom of this 
pail of water. Do you feel anything ? — ■" The water is ver? 
cold." — That may be, but that is not what I want to speu 
about. Do you feel the water weigh on your hand. — '' No, 
not at all." — And yet do you not think it ought to weigh ? — 
" Yes, of course, for my hand is at the bottom of the pail." 
— Here, then, is something new: the weight of the water is 
on your hand, and yet you do not feel it. 

But, ia the first place, compute how much the water should 
weigh on your hand. The height of the water in the pail 
is 10 inches, and I suppose the surface 
of your hand would measure about 6 
square inches. But in order to get on 
faster I shall calculate in your stead. So 
there is weighing down upon your hand 
a, column of water measuring 10x6;^ 60 
cubic inches, the weight of which presses 
down upon your hand, and yet you are not 

'uiBweiehCbmuMtte Suppose now that a fiah whose body 
*'"« «e(gh« Huiiiy presente a surface of 6 square inches 
band. *'"'* ** """ swims 100 inches deep. It has to sup- 
port a pressure equivalent to the weight 
of 600 cubic inches. Fishes have been found in the sea at 
such depths that, supposing the surface of their body to be 
6 square inches, they had to support the weight of 20,000 
pounds (Fig. 111). Twenty thousand pounds' weight upon 
the body of a small fish, and yet it is not crushed: it even 
has no difficulty in swimming. 

This is very strange, ia it not ? And yet it is quite natural. 

You p1«« ;our hand DM on th» bottom ol m pall of ntar : Loir would jon alco- 
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How oould tte fish be crashed t The body is composed 
of tolids and liquids, and we have seen that solids and liqmdi 
are almost incompressible, 
hence aimost incapable of 
being crashed. 

"But " —Well, what? 

eay on. — " You Bay that solid 
parts aod liquid parts cannot 
be crushed ; yet only yester- 
day I saw our neighbor the 
blacksmith crush his finger 
under his hammer. The 
braised part was quite in a 
pulp. It was horrible, and 
the finger had t« be cut off." 

That is sad, indeed, poor 
man. But, to continue our 
study, I must say that you 
are quite right to ask the es- r™. lu.— ThBnihiBiioicra8hea,i»™im 

planation ot things you ob- puu of Ita incenpcwible bodj. 

serve, and I am happy to give 

the information you desire. These things are not easy for you 
to naderatand, and yet it is necessary for you to understAnd 
them. Put your hand on the table, just as the blacksmith 
had his on the anvil. There, now ; I intend to strike upon your 
finger with a hammer. Don't be afraid: I shall strike very 
gently. Do you see bow the hammer acts? It strikes only 
on the upper part of the finger, while the table is in contact 
with the under part. But on the two sides of the finger notk- 
ing touches or matains It. The flesh thus pressed between the 
table and the hammer, were I to strike forcibly, would escape 
widevxiys, as a cherry-stone would shoot out between your 
fingers, and would thus tear open the skin : the finger would 
then be crushed. 

But if there were all aTound the finger a resistance equal 
to the force of the blow of the hammer, there would be no 
crushing, neither sideways nor endways, nor above nor below 
the finger. And as this resistance would be absent only on 
the part where the finger is joined to the body, in that direc- 
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tion only would the crushing or bruise be able to exert 
itself. If, in its turn, the whole body were completely sur- 
rounded by resistance equal to the force of the stroke of the 
hammer, crushing could take place in no direction whatever, 
and, the body being incompressible, there would be no bruise. 
I speak, of course, of a body in which there is no gas, no 
air like that we have in our chest, which is very compressible 
indeed. We should soon be crushed to death were we to be 
plunged 3000 feet under water, leaving drowning out of the 
question. What I have just said will enable you to under- 
stand why a fish is not crushed to death in the water notwith- 
standing the enormous pressure that sometimes bears upon 
its body. Fxyr the pressure is exerted exactly in the same pro- 
portion all over its body, so thai there is no rea^n why any 
particular part should give way and he crushed. 

Pressure of the Air. 

75. Atmospheric Pressure. — ^I have explained the case of 

the fish, because we are in a similar position, 
and are likewise pressed on all sides, bearing 
on our body an enormous weight that no more 
crushes us than water crushes the fish. But 
this time it is not water that we have to deal 
with : it is air. 

In fact, air weighs on us just as water 

weighs on the fish. And this weight, of 

which you take no heed, and under which 

you run and leap so lightly, may be estimated 

for you children at about 20,000 pounds. 

Here is a very simple and amusing ex- 

''ii the-^ttit. dl' periment, that will give you an idea of the 

latedbytheheatof pressure of air. I take a wide-necked bottle, 

inade"avMu?!mTn and a hard-boilcd egg (Fig. 112) the shell 

S2n"that the'L? ^^ ^^^^^ ^^^ ^^^^ Carefully taken oflf. You 
mospheric presB- see the e^^ fits nicely into the neck of the 
i"nto''the''tatae"'** bottle. But I shall not leave it there. I 

Wliy is a fish not crushed in the water? What is the preesure that air ezertB OO 
US? How great wuuld you suppose this pressure to b«? 
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see you think this is a very funny and not very scientific- 
looking experiment. But listen and observe, and you will 
see that the experiment has more importance than you might 
at first imagine. 

I now put into the bottle a bit of burning paper. When 
the paper is almost consumed, I replace the egg on the neck 
of the bottle. Wait a moment : you see the egg is sucked 
gradually down, and then all at once enters the bottle with a 
loud report. What has pushed it in ? Simply the weiffJu of 
the air. 

And how? You now know enough of 
physics to follow and understand my ex- 
planation. 

The burning paper heated the air con- 
tained in the bottle. The air expanded by 
heat found no longer sufficient room in the 
bottle, therefore a considerable quantity, 
perhaps one-half, was expelled and mingled 
with the surrounding atmosphere. At that 
moment I placed the egg on the neck of the 
bottle, completely stopping up the opening. 
When once the bottle was a little cooled, the 
air it contained tended to return to its or^fi- 
nod volume, which the heat had doubled. In 
that condition it no longer opposed sufficient 
resistance to the oviward pressure of the air, so 
that the egg, soft and easily lengthened out, 
being unsustained from below and pressed 
upon from above, gave way under the effort 
of the external air, and was thereby pushed fio. 113.— The tnbo 
into the bottle. 

76. The Measurement of the Weight 
of Air. — Another experiment may be made. 
Here is a glass tube about 3 feet long (Fig. 
113): it is solidly closed at one end by a 
cork well surrounded by sealing-wax. IfiU 
this tube fvith water; then with my finger I stop up the open 




closed at A, open 
at B, remains full 
of water, and does 
not empty itself in 
the glass. It woald 
be the same for a 
tnbe that was 11 
yards high. 



Why does an egg sink into a bottle in which a yacnnm has been made? 

16 
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end, and invert it into a glass filled with water. I withdraw 
my finger, the tube nevertheless remains /uU, The toater does 
not faU into the glass, hut remains supported, 3 feet high in 
the tube. 

What can thus sustain it ? The pressure that the air exerts 
upon the sur/a>ce Go/ the water in the gla>ss, and consequently 
upon B at the under surface of the column of water, but it 
cannot, on account of the cork, exert its force on the upper 
surface at A. The proof of this is, that if the cork be taken 
away the whole contents of the tube will run out and pass 
into the glass, as it is easy to show you. 

If the tube were 2, 4, 6, 8, 10 yards long, 
the result would be the same. But were it 
much longer, 12 yards, for instance, ioe 
should find thai the water poured into it 
wotdd not stand higher than about 33.8 
FEET above the surface of that contained in 
the vessel into which the tube is plunged. 

This very clearly shows that the jiress- 
ure of the air, or, to use the expression 
employed in physics, the barometric press- 
ure, is capable of holding in equilibrium a 
cohmin of water 33.8 feet high. 

But it would be no easy matter to con- 
struct or to handle a glass tube of this 
length, and I do not think that in schools, 
at all events, experiments will ever be made 
with such instruments. In fact, there is 
no reason why they should be, for we have 
a better way of going to work. 
77. Barometer. — We h"ave, as you will 
''me^u^ A?'T?e2f remember, at our disposal another Hquid, 
6 inches high, is Bup- mcrcwry, whosc density is about 13 times 
pheric preasiue. ™°*^ greater than that of water. It is, then, 

easy to understand that a column of mer< 
cury 1 foot high, for instance, will be of the same weight as a 



I place in a glaai of water a tube ftill of water, and the water does not mn ont : whal 
prevents it? If my tube full of water had been twelve yards high, what would hav« 
happened ? What does that imply ? 
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column of water of the same diameter and 13.6 feet high. 

Therefore, to have the equivalent weight of a column of water 

33 8 
33.8 feet high, a column of mercury of — '— = 2 feet 6 

13.6 

inches would be required. 

A tube of this length is manageable, and we will forth- 
with set to work and see if our calculation gives us the re- 
sult we obtain. I shall take the tube we were using a little 
while ago, and in order to be sure of the stopping of the 
upper end I shall close it (Fig. 114) by melting the glass in 
a strong flame so as to seal it up. 

There, it is all right, and the tube cooled. I now proceed 
to fill up the tube with mercury, and, as I did a little while 
ago, stop up the opening with my finger and immerse it 
in a glass B containing also some mercury: immediately 
some of the mercury runs out of the tube; the column 
sinks and stands still at a certain point. Hold the tube erect 
while I measure at what height the mercury in the tube is 
above the level of the mercury in the glass. / find it to be 
THIRTY INCHES, just what We found by calculation. 

This tube full of mercury is what is called a barometer, 
from two Greek words, baros, weight, and metron, measure. 

78. Relation between the Height of the Barometer 
and the Altitude of Places. — If, instead of making the fore- 
going experiment here, in this low-lying country, we had gone 
to fill our tube with mercury on the top of some mountain, 
the column of mercury would not have stood so high. At the 
top of Mont Blanc (5243 yards) it would have fallen to 16 
inches and a half. In the balloon-ascent of the 15th of April, 
1875, in which two Frenchmen, Sivel and Croc^-Spinelli, lost 
their lives from asphyxia, at the height of 9370 yards the 
mercury fell to 10 inches. 

And this is quite easy to understand, since the higher one 
rises the less air remains overhead : consequently, the less the 



I replace the water by mercury : how high a column of mercary can the atmos- 
pheric preaenre suntaln? Why? What name is f^iven to an instrument thus oon- 
atmcted? What would have happened if instend of filling the tuU^ in a low-lying 
oonntry it hud been filled on the summit of Mont Blanc ? Explain this diminu- 
tion in the height of the barometer. 
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air presses down, the less power it has to sustain a column of 
mercury. 

Thus you see that the height of the barometer is not the 
same in all parts of the world. Besides, it varies in a given 
place according to different circumstances, especially in un- 
settled weather. 

79. Measure of Barometric Pressure. — If we, then, con- 
sider that the mean pressure, at the level of the sea, is able 
to support a height of 30 inches of mercury, or 33.8 feet of 
water, we must conclude that each square inch of surface 
bears a barometric pressure equal to the weight of about 15 
pounds ; for this is the weight of a column of mercury one 
inch square and thirty inches high. This is what is expressed 
by the words an atmosphere of pressure. 

Let us apply the knowledge of this fact to the experiment 
we made with the bottle. The heat had expelled about 
half of the air ; therefore, after cooling, the egg was pressed 
upon by all the weight of the air, by a whole atmosphere, 
and was vpheld by only half an atmosphere ; that is to say, 
the downward pressure was greater than the upward by half 
an atmosphere, or 7i pounds to every square inch of the 
surface of the opening of the bottle, — evidently much more 
than was necessary to push the egg into the bottle. 

It has been calculated that when the air is heaviest a man 
of average height sustains a weight of about fifteen tons, 
which he does not even feel, for reasons similar to those 
given in the case of the fish in connection with the pressure 
of the water. And as the air is, by the mouth, in communi- 
cation with the chest, we cannot be crushed. When one 
ascends to the top of Mont Blanc, the pressure is about 8 
pounds per square inch. But that does not matter, since 
everything is in equilibrium, and the difference is unfelt. 
The disagreeable sensations and weakness that overcome 
travellers on high mountains arise from another cause. 

And now I hope you all understand weight, density, and 
pressure. You should also know how to measure them, what 
a balance or scales are, and also all about the barometer. These 
are very important matters, and if you have properly under- 
stood them many difficult things will be but pastime for you. 
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80. Balloons. — As I told yon at the beginoiDg of our 
lessoua on weight, all bodies fall towards the ground, un- 
less something keeps them up. I should not have heen 
surprised had some of yon interrupted me at that moment; 
nobody did so, however. I must not allow those statements 
t« pass without saying something about the little air-balloons 
which are made for children (Fig, 115), and which have to 
be held by a string to keep them from flying away ; you 
might also have mentioned the real lai^e balloons (Fig. 116) 
which rise in the tur and are able to carry in their oars several 





rio. lis.— TbtM mtta Fin. lie.— Iv(B t«i- 

tudlmiKWsfilledwiUi looucooUlaUwiuiu 

m gu llghlsr tliui air ni tbU la nsnl lor 

(hjdnicwi). UghtlDg Ihs nrHli, 

men. These are exceptions, are they not? Well, no, they 
are not exceptions. 

Bo you remember anything else that rises when let go, in- 
stead of sinking? — "No, nothing at all." — Come here to 
me ; take this eork, put your hand down with it to the 
very bottom fFig. 117) of this pail of water, and onee there 
let it go. — " Ah I it is not worth while : I know very well the 
cork will come to the surface." — Oh I you should have thought 
of that unmediately. Yes, it will come to the surfaoe; hot 
for what reason? 
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Which is the less dense, the cork or the water? — " The 
cork, since it rises." — Yes, the cork is less dense than water, 
and it weighs less than an equal volume of water; that is to 
say, it would fall with less force. In consequence, if you let 
it go when under water, the water immediately above it will 
/a/? with greater /orce than the cork can, and so, going below 
the cork, will push it upward. And this will go on until 
finally the cork comes to the surface. 

Let us make the experiment with a slight alteration. Be- 
fore putting the cork under water I stick into it a pretty 
large nail. You see the cork comes up, nail and all. But if 
I add another nail, and let the cork go midway between the 
bottom and the surface, it not only does not rise, but sinks 
slowly down. 

Well, it is just the same thing with the balloon. The hair 
loon is a hind of ha^ containing gas, lighter, less dense, than 
air. Sometimes it is heated air, sometimes the gas we bum. 
The balloon rises through the air just as the cork rises 
through the water; and, just as the latter was able to carry 
along with it a nail, the balloon can carry with it a car 
containing several men. 

You see you can understand this very easily; it seems 
quite simple to you. Why? Because you know what 
density is. 

81. Application of the Principle of Atmosplieric Press- 
ure. — I can show you another application of the principle 
we have learned to understand. On the surface of the water 
in the basin T (Fig. 118) I put a piece of cork, and on the 
cork a piece of burning paper. Then over the cork and the 
paper I invert an empty glass, which I push gently down 
into the water; big bubbles of air immediately escape from 
under the glass, and the paper ceases to bum. Soon you 
see the water rise in the glass so as almost to fll it i^ to 
AB. Can you explain this? — "Yes, I think so. The 
paper, burning under the glass, heated the enclosed air and 
caused it to expand, so that all of it could no longer remain 
in the glass ; some escaped in bubbles. Then the air cooled 

Why can ballooDS rise in the air? 
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and contracted, allowing the wat«r to rise in the glass and 
fill up the space left vacant." — Very well; bnt what forced 
np the water 1 — " The almotpheric pressure upon the surface 
of the water in the basin." 

Now look here : I incline the glass in the water so as to 



bv ttmoipharlc nr»>iv& uid riws u hjirli Gi ths buin. 

UAB. 

fill it. I then lift it (Fig. 119), and yet the water does not 
fall: how ia this? — "You have made a Bort of barometer, 
and the water remains in the glass for the same reason that 
the mercury remains in the tube of the barometer," — Very 
well answered, 

62, Cspping-Olau. — Again I resort to my glass, which 
has already helped me to show you so many wonderful things. 
This time I light a piece of paper in it, then I apply the 
mouth of the ^ass to my arm (Rg. 120), making sure that 
the edge fits nicely on the skin all 
around. The paper immediately 
ceases to burn, and in a few min- 
utes my skin swells out and is 
sucked into the glass. It holds 

very fast, and I should have great fio . ,_, 

diffioull; if I .i*ed to pull it ol KS JS'S;!^'?. 

at once; bnt if I loosen the least presm™, l* mckcd into the 

bit of the edge it comes off quite fhs^nnm. '" *•" '" " "" 
easily, and even falls off as soon as 

the air gets in. You see clearly that this is just what hap- 
pened with the water in the preceding eiperiment. Part of 

dOM tlw 111111 In put BU up ■ glui In wblcti > ncuum hu bsen nuda t 
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the heated air was expelled from the glass hy expansioUj and 
when what remained had cooled, its contraction formed in 
the glass a partial ^^ vacuum,^' which the skin, under the 
atmospheric pressure, tended to JUl up. This last experiment 
was formerly much used for medical purposes, the glass in 
this case taking the name of cupping-glass. 

83. Pumps. — Here is a little ear-syringe, full of water. 
I dip it vertically into the basin, and empty it by pushing 
down the rod. Then I slowly draw up the rod again 
(Fig. 121): what is the result? — " The water rises in the 
syringe,^^ — ^Why? — ^^ Because the piston fits well, and the at- 

mx)spheric pressure exerts itself 
on the surface of the water in 
the basin. This, also, is on the 
same principle as the barom- 
eter." — And how far could the 
water thus rise in the syringe ? 
—"To the top."— And if the 
syringe were several yards long? 
— ^^* Still to the top, unless the 
syringe were longer than 33.Sfeet, 
in which case the atmospheric 
pressure tcould not he strong 
enoughy 

Quite right. Now, the whole 
Fio. 121.— The water In the hasin theory of PUMPS is Contained in 

under the atmospheric pressure rises i . __ i • a ^ m 

in the Uttte ear-syringe. Wnat We nave jUSt SCCU. Irue, 

there are many kinds of pumps, 
and th^r action seems somewhat complicated; in reality, 
however, it is simpler than it looks, for all pumps are merely 
syringes more or less improved and perfected. 

Among these pumps, one is very curious, and is used to 
exhaust from a vessel, A (Fig. 122), not water, hut air. This 
is called the air-pump, or pneumatic machine, and with its 
help very curious experiments can be made. 




What name do doctors give to the glass for this operation ? Why can we draw np 
water with a syringe ? What is the greatest length a syringe could have 7 What is 
the use of pneumatic machines? 
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But before leaving phjsica I have Bomething more to Bay 
toyoD. 

84. Level of Liquids. — Let us return to our water-cask 
in the garden, which you remember we left half full of water. 
I fix to the tap with a bit of gutta-percha tube the long 




glass tube (Fig. 123) with whieh we made a barometer, 
and which this time I have opened at both ends. Now. 



while I hold the tube vertically alongside the cask I shall 
open the tap. What will the water do ? — " It will rise in the 
tube." — How high? — "I think it ovght to rise to the same 
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height as that in the water-cask.'^ — ^Very good. See, tlie tap 
is open, and the water rushes into the tube : it stops at A, 
exactly the same height as the water in the cask, or, as it is 
called, 071 a level with it 

Thus water remains at the same level in aM vessels commu- 
nicating with one another. This level is exactly horizontal, 
and the plumb-line, which is vertical, falls perpendicularly 
upon it. 

85. Fonntaiiu. — It is to reach the level of the reservoir 
R (Fig. 124), placed on the little hill, that the water springs 
out of the fountain in our neighbor's garden. It cannot, how- 
ever, quite reach the height of the reservoir, because the air 
offers a certain resistance ; but if a tube were placed upon the 
mouth of the fountain the water would rise exactly to the 
proper level, as it did in the tube fastened to the tap of our 
water-cask. 

SUMMARY.— WEIGHT, OR GRAVITATION. 

I. Oravitation, or Falling of Bodiei (p. 68). — All bodies fall with 
equal rapidity. 

8. When apparent differences exist, they are owing to the resistance of 
air. 

8. The greater the length of time a body falls, the more rapidly does it 
pass through space. 

4. A body allowed to fall always follows a straight line, called the ybr- 
TiCAL, which is perpendicular to the surface of water. 

6* The plumh-line shows the vertical direction. 

6. The WEIGHT of a body is the pressure it exerts when kept from 
falling. 

7. Bensity (p. 71). — The density of a body is the weight of a given 
volume of that body as compared to the weight of a like volume of water. 

8. The density of water, then, is said to be I. 

9. A given volume of mercury weighs 13.6 times as much as an equal 
volume of water : its density, then, is 13.6. 

10. A given volume of iron weighs 7.8 times as much as an equal vol- 
ume of water : its density, then, is 7.8. 

II. A given volume of ether weighs 0.7, taking water as the standard : 
its density, then, is 0.7. 

12. In order to ascertain the weight of bodies, balances or scales are 
used. 

18. In order to ascertain the density of a body, the weight of the body 
must be divided by, the weight of an equal volume of water. 

Mention an application of the power possessed by water of finding the same level 
in conduits that communicate with one another. 
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14. The density of a body diminishes when its temperature is raised, 
because the body expands. 

16. Freillire of Idqilidl (p. 76). — The pre»»ure a liquid exerts on the 
bottom of a yessel depends altogether on the density of the liquid and 
its HBiOHT in the vessel. 

16. Whether a tube containing a liquid have an equal diameter from top 
to bottom, or be widened out like a funnel, the pressure on the bottom will 
remain unaltered so long as the sise of the bottom remains unchanged. 

17« A fish whose surface measures 6 square inches, swimming at the 
depth of 100 inches, supports, calculating hy the above-mentiouMl law, a 
pressure equivalent to the weight of 600 cubic inches of water. 

18« The reason why the fish is not crushed is, that it is equally pressed 
upon in all directions at once, and that the solids and liquids whicn com- 
pose its body are incompressible and consequently cannot be crushed. 

19. Pressure of Air. — ^Barometer (p. 82). — Air weighs upon us just as 
water weighs upon the fish. 

80. The pressure of the air can sustain a column of water 33.8 feet 
high. 

81. For greater facility, mercury is used instead of water, mercury being 
13.6 times as dense as water. The height of a column of mercury kept 
in equilibrium by atmospheric pressure will, then, be 33.8 divided by 13.6, 
or 2 feet 6 inches. Barometert are thus made. 

88. The height of the column of mercury diminishes if it is carried to 
the summit of some mountain or taken up in a balloon. 

88. It is because of atmospheric pressure that liquids rise in pumps, 
siphons, etc. 

84. CommnnicatiBg Vessels (p. 91). — In vessels that communicate 
with one another, the water stands at the same level in all the vessels. 

86. It is in virtue of this principle that the water of a reservoir in an 
elevated position, after having descended, rises again to its former level, 
be it in the form of a fountain or water in a pipe. 



SUBJECTS FOR COMPOSITION. 

1st Composition (pp. 9, 10). — ^The three states of bodies. The three 
states of water, of sine. Are gases easily compressed ? Application to air. 
Can liquids and solids be easily compressed ? 

8d Cfompositioa (pp. 10, 11). — Evaporation. Ebullition. Distillation. 

8d Composition (pp. 13-15). — Give an example of the expansion of 
solids under the influence of heat. Liquids. Gases. Exception in the 
ease of water. 

4th Composition (p. 16). — Construction of thermometers. 

6th Composition (pp. 20, 21). — Wood, charcoal, air, bad conductors of 
heat. Why our clothing protects us from cold. Why the handles of tools 
that are put into the fire are surrounded by wood. 

6th Composition (pp. 23, 24). — Force of the steam of boiling water. 
Application of this force to machinery. 

Yth Composition (pp. 2fr-29).— Velocity of light. Reflection upon mir- 
rors. Apparent breaking of bodies immersed in water. 

Sth Composition (pp. 30-34). — Concave lenses, convex lenses. Focus 
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of a lens. Microscopes. Spy-glasses. Spectacles for near-sighted people, 
spectacles for long-sighted persons. 

9th Composition (pp. 35, 36). — Dispersion of light. Solar spectrum. 
Why the paper of your copy-book is white. Why ink is black. Why a 
rose is red. 

lOth Compotitioil (pp. 38-41). — Vibration of bodies. Air a propagator 
of sound. Rapidity of sound trayelling through air. Do liquids and solids 
transmit sound ? Echo. 

llth Composition (pp. 43, 44). — Stringed instruments. Wind instru- 
ments. Deep, grave sounds. Sharp, acute sounds. The A of the tuning-fork. 

12th Composition (pp. 46-50). — Vitreous or positive electricity. Resin- 
ous or negative electricity. Attraction and repulsion. What is meant by 
insulating bodies, 

18th Composition (pp. 51-55). — Power of points. Lightning-conductor. 
The two kinds of lightning. 

14th Composition (pp. 56-59). — Electric batteries and piles. Effects of 
electric currents. 

16th Composition (pp. 61-64). — ^Attraction of iron by the magnet. Mag- 
netic attraction and repulsion. Mariner's compass. Natural magnets. 
Artificial magnets. 

16th Composition (pp. 68-76).— Weight of bodies. Density. How to 
ascertain both weight and density. 

17th Composition (pp. 76-82).--On what depends the pressure of liquids 
on the bottom of the containing vessel. Proofs. 

18th Composition (pp. 82-85). — ^Atmospheric pressure. Measure of this 
pressure in water, — in mercury. 

19th Composition (pp. 88-90). — Application of the principle of atmos- 
pheric pressure : a glass full of water is inverted in contact with a vessel of 
water and yet is not emptied ; cupping-glasses, pumps. 

80th Composition (pp. 91, 92). — Water remains at a common level in a 
series of vessels which communicate. Applications. Water-works, water- 
ing-pipes, distribution of water through towns. 
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PundamentalB. 



:. SiffereneeB between Fltysieal and Chemical Pbe* 
)na.-^I bope joo have uaderstood and kept ia mind 
what a chemical pheDOmeDon is, as compared with a, pkt/iicai 
phenomenon. In physics, one can always recover in itS' 
FIBST FOBH the body experimented upon. If heated, it 
cools ; if electrified, it loses its electricitj ; if set in vibra- 
tion, it comes to rest ; if melted, it becomes solid i^;ain ; if 
dissolved, it reappears when the liquid evaporates. This is 
far from being the case in chehistiiy : 
the bodies that haiVe been experi- 
mented upon are totally changed ; 
in fact, they give rise to otueb 
BODIES, in which you could never 
directly recognize the first ones. 

See, here is some sulphur, or brim- 
ilone, 88 it is often called : it is a yel- 
low, solid body, almost inodorous. I 

set it on fire (Fig. 125): it burns and '^f-b„^'i,~,Zi«„:^^U ^ 
disappears : but on comine near it oiygcn of ibe iir lo ibmi 
you notice an intense acrid smell aomtaooir 
which makes vou cough. This odor 

b caused by the escape of a ffos. The sulphur exists in this 
ooloriess, odorous gas: you would never have supposed that, 
I am sure. 

The sulphur in this gas is not alone : it is combined, as it 

thU £■« 1 1b (hAt & phj'iLc^ pbBDomeDoa I 
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is called, with another body, which we shall shprtly hear 
about. And the product of that combination is this gas. 

This is the real distinction between chemistry and physics. 
In physics, we consider only one body at a time ; in chemistry, 
there are always several bodies present. 

Here is another bit of sulphur : let us put it on the blade 
of this*old knife and heat it above the flame ; we must care- 
fully avoid letting it take fire. You see it becomes liquid ; 
yet it is always sulphur, and sulphur alone. The heat becomes 
greater ; the little drop of sulphur grows smaller and smaller, 
and in a short time will have entirely disappeared. The sulphur 
is volatilizing, — ^that is, changing to a gas, — but it is always 
sulphur, and sulphur only. The proof is, that when I hold a 




Fig. 126. — The sulpbur that we cause to evaporate remaius solphar 

(physical phenomenon). 

cold plate above it while it is thus volatilizing (Fig. 126), you 
see deposited there very small yellow grains : those grains are 
pure sulphur, what is called flowers of sulphur: the sulphur 
has been distilled as water would have been. 

It is altogether different when I set fire to it The gas thus 
formed is not pure sulphur ; it would not become solid on 
a cold plate. 

You noticed no smell when the sulphur volatilized, but this 
gas which comes from the flame brings tears to your eyes and 
irritates your throat. 



In carefully melUng sulphur, what takes place ? How do you prove that what is 
produced is sulphur only ? Is that a physical phenomenon ? 



COMPOUND BODIES. 
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87. Compound Bodies. — This gas, then, is not simply the 
vapor of sulphur. It is, as I have already told you, sulphur 
COMBINED with another body. This other body was in the 
air, and had it not been there the sulphur would not have 
given rise to that colorless and suffocating gas. 

I said that the sulphur took from the air this other body 
with which it combined, and I shall prove this to you. I put 
some sulphured ends of matches upon a piece of wood Uiat 
floats on the water in this vessel. I set 
the matches on fire, and immediately 
invert over all a glass shade (Fig. 127) 
and push it down into the water. See, 
the level of the water is at A in the 
globe, but you must look quickly, for it 
will not long remain there : it sinks to 
B on account of the heat. The matches 
die out ; the air in the shade cools, and 
in a little time, when it is quite cold, you 
will see that the water will rise higher, 
as far as C, much higher than it firzt 
teas at A. This clearly shows that the sulphur in burning 
has TAKEN a part of the air to make the gas of which we 
have been speaking. 

This gas is, then, a compound body, composed of sulphur 
and a constituent of air : chemists call it s^i^hurous oxide. 

In like manner, the green vitriol that we made at the com- 
mencement of our lessons on physics, with iron and oil of 
vitriol, is a compound body : it is sulphate of iron. 

You must not imagine, however, that all compound bodies 
are thus produced artificially. Far from it : almost all the 
bodies by which we are surrounded in nature are compound 
bodies, 

Let us repeat the experiment we made when speaking about 
stones. Here is a bit of chalk. I throw it into a glass of 
strong vinegar: water into which have been poured some 
drops of sulphuric acid (Fig. 128) would be still better. You 



Fio. 127.— The leyel of the 
water riaoe to G, because 
the sulphur oomomes with 
the oxygen of the air in 
ttie Jar. 



What took place when the sulphur burned under the Jar? Is this gas a w ii wff s 
body? What name do chemists give it? Show that the sulphate of iron is a ooii»* 
pomtd body. Prove that chalk is a eomjpound body. 
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will see in a moment that a great quantity of gas will escape 
from the chalk and rise to the surface : this gas existed in 
the chalk : it was there combined with something else, — ^with 
another body. 

So there are natural compound bodies and artificial com- 
pound bodies. This may lead you to ask, Are there bodies 
that are not compound ? 

Yes, there are. Perhaps some day they also may be de- 
composed. But as yet science has not been able to do so, 

and those bodies are called simple bodies, 
or ELEMENTS. Sulphur belongs to this 
class, iron also. Remember that ; but you 
must also keep in mind that the term simple 
body merely signifies a body which cannot 
be decomposed. 
Fio. 128.--Thi8 gaa Thus, ou the One hand, to decompose com- 

which escapes (car- tit. j ^ / >• ^i''- • y 

bonic acid) existed pound oodies and cxtrojCt jrom them simple 
chaii?* P*®*^® ^^ bodies^ and, on the other hand, to combine 

simple bodies and thereunth make compound 
bodies, is the double work chemistry undertakes. 

By DECOMPOSITION wc acquire a knowledge of the real 
nature of bodies around us; by combination new bodies 
are produced which are most serviceable to mankind. You 
can easily form an idea of the uses and the interest of such 
a science. 

88. Simple Bodies. — As I have just told you, sulphur 
and iron are simple bodies. There are many others : seventy 
simple bodies are known at the present day. 

Some are solid, and they are the most numerous. Grold, 
silver, iron, copper, zinc, and metah in general are simple 
bodies ; some other solids, also, that are not metals, such as 
sulphur, carbon, phosphorus, and arsenic. 

There are two liquids, with one of which you are already 
well acquainted : it is mercury, which, although liquid, is a 
metal. 

What name has been given to those bodies that we are not able to decompose? 
Name some simpU bodies. How many simple bodies are at present known ? Among 
simple 9oHd bodies name one well-known class. Give 9ome examples. Name some 
simple solid bodies that are not metals. How many simple Uqpad bodies are there? 
Mention one. 



PtFPERENCEa BETWEEN MIXTURE AND COMBINATION. 99 

Four are gaseous, but I need not mentioa their names at 
present, aa they are quite unknown to you. 

This seems to surprise you. — " Why, yes ; for we know air 
well enough, and it is a gaa. Everybody knows it, and it is 
called one of the four elements : certainly it is a simple 
body." — And tcater also, in that case? — " Water also, yes." 
— And the earth also? — "Oh, no; we know that the earth is 
not a simple body." — Well, let me tell you that the word 
ekmenl has led you astray, for neither air nor water is a 
simple body. Air is a tnixture of two simple bodies; water 
is a combination of two simple bodies. 

89. Differences between a Hixtnre and a Combmation. 
— " What difference is there between a mixture and a eombi- 
ttationf" — That can be easily explained, but I prefer giving 
you an example. 

See, here are some very fine iron filings, and there are some 
flowers of sulphur. I mix both together, and shake and stir 
them carefully. You cannot at present distinguish the one 




Fia. 12>.— Bt gwMj blnwlng ynu can np- Fra. 130,— Tba mignet Utneta ill 

uMa tb« itoHsn or luLphnr Ovm UiB iron tbe flUnga sod lu«is tb« aiilDhiir 

Btingi (mIKiiro). (nil.m™). 

from the other, so well are they mixed ; yet they are only 
MIXED. The proof w that yoa can easily separate them. 
You have only, for instance, to blow gently on them (Fig. 
129); the sulphur, being by far the lighter, will be blown 
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away, while the iron will remain. Or you may employ 9 
more scientific method : take your magnet and pass it slowly 
close to the mixture (Fig. 130) ; all the filings will be at- 
tracted, leaving only the sulphur. The two bodies have 
merely been mingled, — a phenomenon purely physical. 
On the contrary, let us put our sulphur and our filings in 

this broken vessel, adding 
a little warm water (Fig. 
131). In a few minutes, 
as you see, a great move- 
ment takes place : the little 
mass grows hotter, swells 
up, and becomes blackish. 
It now resembles neither sul- 
phur nor iron. The two sim- 
ple bodies are not merely 

Fio. 131. — The sulphur and the iron have • i j .1. i. ^ 

formed a new body (combination). mmgied aS they WCrC a Snort 

time ago: they are com- 
bined, and have formed a new body, which chemists call 
sulphide of iron. This time we have witnessed a chemical 
phenomenon. 

There is another great difference between a mixture and a 
combination, • 

I may mix sulphur and iron in no matter what proportions, 
— I may add one, two, or three parts of sulphur, or more, — 
the mixture will simply be more or less rich in sulphur. 

In a COMBINATION this is impossible. In order to have 
the combination of iron and sulphur I add 4 grains of sul- 
phur to 7 grains of iron ; the whole combined weighs, of 
course, 11 grains. That is not surprising. But had I put 
together 5 grains of sulphur and 7 grains of iron, the sulphide 
of iron resulting from the combination would notwithstanding 
have weighed only 11 grains: 1 grain of svJphur wovM have 
remained unchanged, pure sulphur as before. Likewise had 
I put 8 grains of iron, 1 grain of iron would have remained 
over, and would not have combined with the rest. 

Give another proof. What takes place if eome wiatrm water is Added to the mix- 
ture of iron and sulphur? Is there a mixturt or a comMntdUmf What else charao* 
terises mixture? 
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Thus, combinations are unlike mixtures in this, that they 
are not indefinite nor irregular; they cannot be obtained 
with all proportions of their elements. For instance, in the 
case of sulphide of iron, no matter what quantity of iron 
and sulphur you may mix together, the sulphide of iron 
obtained will always contain 4 of sulphur and 7 of iron. 
The proportion ia, to use the terms employed by chemists, 
definite, or determinate. 

I should like to see, now, whether you have properly un- 
derstood me. 

Here is a glass filled with vinegar and water in about 
equal proportions. Is this a mixture or a combination? — 
" It is a mixture, because one can add to the vinegar as 
much water as he chooses, it will always 9iix perfectly." — 
That is right : in other words, there is no definite proportion. 
What do you think, James? you do not seem convinced. 
— " What puzzles me is, that I do not know how I could 
separate the vinegar from the water as you separated the 
sulphur from the iron a little while ago. I should have thought 
that the vinegar and the water were combined." — Not so ; for 
one distinctive character of the combination is that each of 
the bodies entering into it loses all its qualities, while the new 
body possesses new qualities. Recollect the sulphur and the 
iron on the one hand, and the sulphide of iron on the other. 
In this glass, can you not recognize the vinegar and the 
water ? Has the liquid acquired qualities belonging neither 
to the vinegar nor to the water ? Assuredly not. Then it is 
decidedly a mixture, and not a combination, and although it is 
not easy to separate the vinegar from the water, still that 
may be accomplished. 

I shall now proceed to demonstrate that air is a mixture 
of two gases, called oxygen and nitrogen, while water is a 
COMBINATION of two gases, oxygen and hydrogen. These 
may seem strange names ; but I shall hereafter explain them 
to you. 

What characteriBes a eomhbMtkm f Give an example. Bo vinegar and water form 
a mlxtore or a combination ? Prove that vinegar and water form a mixture. What 
are the two gaaes that are mixed in the air? Wtiat are the two gaaee that are in 
ODmUnation in water? 
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Oomposition of Water. 
We ehatl begin with water. For one reason, becaase it is 
the most curious. Is it not atrange that this pretty, limpid 
liquid should not, in the first place, be a simple bodjf, and, 
secondly, that it abould 
be composed of two 
yate» f Yet so it is. 
I 90. AnalvBii by the 
' Electric PUe.— You . 
have not forgotten the 
rudimentary electric pik 
we made with pennies, 
and disks of cloth and 
zinc dipped in vine- 
gar. I have made for 

tia, 132. — The two miet IhU yon MS rWiie this dav's IcSSOn SCTeral 
Jo^U«™rt™ of .£^,.t,r ™ «,^ «.a ^j^^^ •'j.,^^ jj_ ^jjj_,^ J 

have united together so 
as to make use of the force of all of them at once (Fig. 132). 
I immerse the two poles in this glass of water, which has been 
- . slightly salted or odds' 

lated with some sul- 
phuric acid to allow it 
to conduct electricity 
with greater facility. 
After a few moments 
you will see tiny bub- 
bles of gas forming on 
each pole and rising to 
the surface: you have 
doubtless already no- 
ticed also that these 
^ babbles are not equally 

#IS. 133.— Two TolBDKa of hjdrogen m rormed ., ..^ , ■' 

In D, ig&ltut one tulntne of oiygeu in 0. numerous at both polCS. 

The two gases thus set 
at liberty are oxygen and hydrogen, the latter being the 
one that gives the greater number of babbles. 

WlMt tokM pUcs whon th« Iwo polaa of an eleclrh; pLIo ux plmip-a inio ■lightlj 
MllcdoruidulaHidiiMar? Wbntue IhaiumMuf ttaetwotUH tlul mn (lisu oSt 
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Ijet UB endeavor to catch some of each. For that purpose 
I take two small glasa tubes C, D (Fig. 133), closed at one 
end : I fill both with water, and place one over each of the 
poles. The gas rises in each, but with greater rapidity in 
the tube D, which receives the hjdrogen, than in the tube C, 
which receives the oxygen. It will be seen at a glance that 
the quantity of hydrogen discharged is about double that of 
oxygen, or, to speak more precisely, that there are two volume* 
of hydrogen for one volume of oxygen. 

These gases are the result of the decomposition of water. 
If we had at our disposal a stronger pile, we could thus de- 
compose all the water in our glass ; and that would give ua 
a lai^e quantity of gas, I can assure you, for it has been 
ascertained that every cubic inch of water gives 1240 euhio 
inches of hydrogen and 620 cubic inches of oxygen. 

91. Hydrogen. — While I have been speaking, the gases 
have almost filled up our little tubes, especially the one con- 
taining hydr<^n, which I shall now withdraw from the water, 
stopping up the opening with my finger. Here it is. I hold it 
with the opening downward ; and, in order that you may more 
plainly see what will take place, 
we shall go into a dark room. 
Watch closely, now, as I light a 
match (Fig. 134). I bring the 
lighted match close to the opening 
and take away my finger. Puff! 
a slight noise and a pretty pale 
flame, giving so faint a light that 
we should scarcely have seen it in 
the daylighL 

Hydrogen is, then, as you see, p,g^ 134.— miri ■ iiigbt noi« 
an inflamvwhie gas, — in other ■Bd»Htiiebiu(-' - - - "■■■'- 
words a gas that can take fire. It %,pb>mt gu. 
instead of having a small tube we 
had used a large flask of it, we should have caused a real 



Tn what pToportlDiw : 
whfD ■ lighted ■- 

bHnUrgerl 



,...jo«r» tube lined with hydropinT Whal 

thkt IgnllH 111 lbs air I Wbat woold have happaued bad t 
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exploficm. Fortunately, there is no bjclrogea in the air, or 
elae there would be no means of kindling fire without hlow- 
ing everything up. 



Unfortunately, however, such accidents frequently happen 
in coal-mines, where a gas, fire-damp, a near neighbor to ny- 



drogen, Bometimea issues from the coal. By imprudently 
smoking or by opening their safety-lamps, miners sometimes 



'hftt d^Dger ihouM w« be axpoAed If hydragen won ia 
vh»t gas HTA flXplofllDiu la aikam duel la couoequu 
s eiploeJou Itaulll 
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set fire to this gas, and fearful explosions are tlie result (Fig. 
135\ Another near relative of hydrogen is the gas which 
we bum, and with which our streets and houses are lighted 
TFig. 136) : it is made from coal, and, when conveyed in pipes 
from reservoirs, yields us incalculable services. It also is ex- 
plosive. Its strong and disagreeable smell, however, betrays 
its presence and warns people of danger. On the contrary, 
hydrogen Yrh^npure has no smell whatever; neither has^re- 
damp, and this is one of its great dangers. 

Hydrogen has still another characteristic. It is extremely 
light, ONLY ^ AS HEAVY AS AIR. For this reason it was 
once much employed to fiU balloons (Fig. 137). But, as it 
costs a great deal to prepare, common coal oas is generally 
substituted for it. The latter is much heavier, since it is 
one-third as heavy as air ; from this it follows that to be able 
to lift the same weight, the balloons must be much larger 
when filled with ordinary gas than when filled with pure hy- 
drogen. 

92. Oxygen. — Let us now look at our other tube C (Fig. 
133), which is almost full by this time : as we have already 
said, this one contains oxygen. You 
see it has no appreciable color, no 
more than hydrogen or air. If I 
had enough to let you smell it, you 
would find that it is also without 
odor ; but, as we possess only a very 
small quantity, we must economize 
it. I shall now show you its principal 
characteristic. 

Pray light a match. Now blow 
it out, and hand it me quickly while fio. 138.— The match lights in 
the end is still red. I plunge it into ^w^^npwmXmtSin^ *°' 
the tube, and, wonderful to be told, 
there it is lighted again, and burning as before (Fig. 138). 

Name another near neighbor of hydrogen. From what is the gas that we use for 
lighting streets made ? What danger does it present 7 How do we Icnow when there 
is an escape of gas ? What is it that renders the presence of fire-damp and hydrogen 
10 dangerous? Name a remarkable property of hydrogen. How has the extreme 
lightness of hydrogen been utilised ? By what gas is it now replaced for filling 
badloona ? How many times is ordinary coal-gas less heavy than air? What happens 
when a match, still red, is plunged into a tube filled with oxygen ? 
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This is the characteristic action of oxygen. It revives and 
accelerates fire, or, as chemists say, it supports combustion. It 
is under the influence of oxygen, for that gas exists also in 
the atmosphere, that our fires blaze and give heat, and that 
our lamps give light. Our very life depends on its presence, — 
our life and that of all animals and plants, for every living 
thing breathes or wastes. We must, however, take things 
as they come, and we shall learn about this in another chapter. 

You plainly see the great difference that exists between 
hydrogen and oxygen. Hydrogen takes fire and bums^ but 
it cannot set fire to the red end of the match plunged into 
it; oxygen, on the contrary, rekindles the half-extinguished 
match, but does not itself take fire. 

Chemists say that hydrogen is a combustible body, like 
wood, coal, oil, etc., while oxygen is but a supporter of 
combustion. 

93. Synthesis of Water. — Bo you perfectly understand 
all this ? I hope so. Now speak out : I see you wish to say 
something. 

'' You said that hydrogen takes fire, and afterwards you 
added that oxygen keeps the fire in. Is it, then, oxygen thai 
makes hydrogen bum f" — Exactly so : were there no oxygen 
in the air^ we should try in vain to kindle hydrogen. 

If a flame were plunged into a vessel containing only hy- 
drogen, great care being taken to avoid an explosion, or at 
least a blaze, in the introduction, the flame would die out for 
want of oxygen. — " Yes, but that is not what puzzles me 
most. When the hydrogen has burned up, what becomes 
of it?" 

That, in fact, is the knotty point. Hydrogen in burning 
combines with oxygen, just as you saw the sulphur combine 
with the iron. After the combination there remained neither 
sulphur nor iron, but sulphide of iron. Likewise, after the 
combination of hydrogen and oxygen, neither oxygen nor hy- 

What, then, is the principal property of oxygen ? How does oxygen affect the 
existence of man, animals, and vegetables ? What great difference is there between 
hydrogen and oxygen ? By what terms do chemists express these particular proper- 
ties? In what manner does oxygen affect the combustion of hydrogen ? Proye that 
it is oxygen that makes hydrogen burn. What does hydrogen form in burning? 
What remains after the combination of hydrogen and oxygen? 
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drogen remains, WhaC have we in their place ? Who will 
answer that ? Nobody ? Think a little. We have deoom- 
POSED water into hydrogen and oxygen; now we combine 
hydrogen and oxygen. Ah ! now you all find it out together. 
Water I Of course ; but you should have thought of that 
sooner. 

Yes, WATER IS MADE again by burning hydrogen. And, 
as there is hydrogen in almost all the bodies we burn, water 
is formed when they burn. Look at this cold plate, which I 
hold over the flame of my spirit-lamp (Fig. 139). You see 
drops of water on it ; don't be mis- 
taken : this is not alcohol that has 
been distilled by the heat ; taste it : 
it is merely water formed by the 
covfibvAtion of the hydrogen that 
existed in the spirit of wine. 

And now it is high time to tell 
you what the word hydrogen means. 
It comes from two Greek words, 
hudor, water, and gennao, to give 
birth to : it means, therefore, a body 

that gives birth to water, J^i»- 139.-The water that con- 

,w,y .-1^.1 • denBes on the plate to the 

InuS you see that tne COmpOSl- water formed by the combus- 
tion of water has been ascertained SS? jntoSliffl.*^" ^^^ "' 
in two ways. First, by decomposi- 
tion, under the influence of the electric pile, into two gases, 
one of which, the hydrogen, is double the volume of the 
other (oxygen). Secondly, by recomposition, the water being 
obtained by uniting, either by the aid of heat or by some other 
means, two volumes of hydrogen with one volume of oxygen. 
This splitting up of a compound into its simple bodies i& 
called analysis, and the building up of a compound from its 
simple bodies is called synthesis. 

Thus, if we put into a tube a mixture of hydrogen and oxy- 
gen, in the proportion of one volume of oxygen to two volumes 

Why la water formed in the oombiution of bodies that we bum ? Prove it by 
an experiment. What is the meaning of the word hydrogtn f What do chemists 
oall the decomposition of bodies into their simple elements? What is the reoooQw- 
iition of compound bodies called 7 
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of hydrogen, and then set this on fire, water will be formed, 
and the hydrogen and oxygen will no longer exist. But if 
we had put three times more hydrogen than oxygen, what 
would have happened ? — ^^ There would have been too much 
hydrogen^ and some would have remained over" — How much ? 
— " One portion." — You mean one volume ; that is right. In 
like manner some oxygen would have remained unemployed 
had we put into the first mixture more than the necessary 
proportion. 

In short, water is a comhination of hydrogen and oxygen 
in definite proportions^ as is the case with all chemical com- 
binations. 

CompoBition of Air. 

94. Composition of Air. — Let us now pass to the study 
of air, I nave already told you that oxygen enters into 
its composition, and we have made acquaintance with this 
gas in our lesson on water. You remember we saw it 
inflame hydrogen, thereby producing water, and it burned 
sulphur, thereby making sulphurous oxide. 

But air is not composed solely of oxygen. The proof of 
this is, that the end of a match, newly blown out and still 
red, does not light again in the air, while we saw it do so 
in pure oxygen. In atmospheric air only about one-pifth 
part is oxygen ; the rest is a goA called nitrogen, 

96. Nitrogen. — Paul, how would you go to work were I 
to bid you prepare some nitrogen ? — I mean, to separate it 
from the oxygen of the air? 

^^ I should add hydrogen to the air, then set it on fire ; the 
hydrogen would take up the oxygen, as you said, and form 
water, leaving the nitrogen alone." 

Well imagined ; very well indeed. But the plan would 
be very difficult to put into execution, and very expensive ; 
yet it could be done if one had the necessary apparatus. 
You, James, have you found a method ? 

" I should set fire to some sulphur under a glass shade ; the 

What are the gases that enter into the composition of air? In what proportion 
are these two gases mixed ? 
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sulpbur would absorb the ozygen and sot the nitrogen at 
liberty. It is the experiment you made a little while ago." 

True, But that would not give you pure nitrogen : 
the sulphur would not burn up all the oxygen of the air. 
The experiment has, indeed, been made in that manner; hut 
it is another body, phosphorm, not sulphur, that is usually 
employed. 

96. Preparation of Nitrogren by Phosphorus. — I have a 
little bit ot phosphorus here, so we will try. I am obliged to 
keep it under water, as you see, because it is rather danger- 
ous, and sometimes takes fire by idmple contact with the 
sir. So, as quickly as possible, I put it on a bit of earthen- 
ware, this again on a piece 
of wood, the wood on the 
water, and a glass shade 
over the whole (Fig. 140), 

Let us now pass into the 
dark room. You see the 

phosphorus is luminous as Fio. 140.— SlUogen nmlni idsr Ifas pbtB- 

soon as it is in air, and you Er ti>e .tr. ■■ j" 

all recognize the light it 

emits to be the same as that given by matches when rubbed 
on anything in the daric, for matches are made with phos- 
phorus and other ingredients. You can see also that phoi- 
phonu well merits its name, for the word means light- 
hearer. 

Now let us return to the school-room. Our bit of phos- 
phorus, after having emitted a good deal of white smoke, all 
at once bursts into a flame. Had it not done so we should 
have been obliged to light it with a match. How pretty 
it is I Who would imagine that siich a thing covid be ex- 
tracted from the bonei of animals? Yet such is the case. 

On account of the strong heat of the burning phosphorus, 
Borne air escapes by expansion from under the shade. See, 
now the flame dies away, the air cools, the water rises and 
stands still. The gat remaining in the shade i» nitroqen 
with a very little oxygen. If the phosphorus be left under 

Bow li phnphonu oliUinsd I 
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the shade until it no longer glows in the dark, the very last 
traces of oxygen will have been exhausted. For this dim 
light is in reality alow combugtion, while what we saw a little 
while ago was rapid combwtion. You see there are different 
kinds of combustion ; but they all have the Bame result. 

97. Oxygenized Compounds of PhoHphonu.— It is now 
the turn of nitrogen to he examined. But, before we set to 
work, will you tell me what has become of the phosphorus? 
— " /( ha» combined with the oxygen of the air, as the sulphur 
did a little while ago." — Well, and what haa it formed ? — 
" As the sulphur forms sulphurous oxide, the phosphorus 
ought to form photphorom oxide." — Not exactly: it forms 
photphorie oxide. 

" Please, what do the terminations ic and om mean ? 
You have already spoken about mdphurom oxide and ad- 
phuric acid." 

That is easily explained. Sulphur, phosphorus, and many 
other bodies can combine with oxygen in different propor- 
tions BO as to form several oxides and acidi. Hence the 
necessity of giving different names in order to recognize 
them, and yet these names must resemble one another, being 
given to different compounds of 
the same' bodies. Thus, the 
termination dim is given to the 
oxide containing the smaUat 
proportion, of oxygen, and the 
termination ie to that contiun- 
ing the ffreateil. 

For instance, when the phos> 

phorus bums brightly, it makes 

phosphoric oxide ; when it bums 

slowly, as when it glows in the 

''^"l5'TB"tre°niX°"Tg^^''Sld ^^' " gives pAwjpAoroiw oxide, 

d&. The«ntofoijeenh«kiiied less rich In Oxygen. 

"' 9S. Properties of Nitrogen. 

— And now to nitrogen. Here is a live mouse in a trap. I 

pass the whole rapidly under water into the nitrogen (Pig. 
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141) oar experiment gave ub. Immediately you see the mouse 
looks agitated, falls down and gasps : it is dead, — asphyxiated, 
as people call it. /( it not the nitrogem, that has killed it : it u 
the waiU of oxygeit. Nitrogen is by no means a poison, for we 
breathe it in breathing the air in which we live, but it per- 
fectly merits its original name axote, which means, incapable 
of sustaining life (a, which expresses negation, and zoe, life). 

Thus, life cannot exist in nitrogen. 

Nor can combustion exist in it. But how shall we prove 
this last afGnnation ? It is impossible to pass a lighted match 
through the water, as was done with the mouse: it would be 
extinguished before getting near the nitrogen. We must 
■ have some nitrogen in a tube, as we had the other gases a 
little time ago. 

There is no great difficulty in this. Let ub take our basin 
out into the court-yard and put it in the water-trough. We 



Fia. ME. — Hold U 



will set it in the bottom of the basin, shade, mouse, cage, and 
all. Let one of you hold the shade containing the nitrogen 
and keep it in the water C (Fig. 142), mouth downward 
of course. I put a funnel in the little tube, fill with water 
both tube and funnel, and immerse the whole, the funnel 
undermost (Fig. 143). Now incline your shade slightly to 
one side, in the direction of the funnel. See, (he nitrogen 
passes ikto the funnel and Jilh the tube D. There, the opera- 
tion is successfully ended. 

Whmt happtiu wb«ii Jkn ADimkl is [iluiiEed iDto oLIrogaaF 1i Dltrogfin k poinml 
Fran It. Wbjr, tlMB, did lbs niuiw duf 
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Now, stopping up the opening of the tube with my finger, 

I take it out of the water, still holding it 
inverted. This time I shall put into it a 
well-lighted match (Fig. 144). See, it goes 
mit immediately. 

That is enough, I suppose, to convince 
you that nitrogen does not support con^ 
hustion, 

99. Air is a Mixture, not a Combi- 
nation. — As I told you, nitrogen makes 
Fio. 144. - The match up about four-fifths of the air. This is 

goes out in the nitro- l rt ^ %f ^ _.• .-i . 

gen. So this gas does not tlie cxact proportion : tne exact num- 
not^ support combus- \^^ ^re 79.2 per cent, for nitrogeA, and 

20.8 per cent, for oxygen. 

This makes 1 volume of oxygen for 3.80 volumes of 
nitrogen, and 1 part by weight of oxygen for 3.34 parts of 
nitrogen, for oxygen is a little heavier than nitrogen. 

I, moreover, told you that air is simply a mixture^ not a 
comhinaiion, and I am sure you will have no difficulty in fol- 
lowing my explanation as to the reasoning by which we 
arrive at this conclusion. 

In the first place, those complicated numbers and fractions 
differ widely from the simplicity of the proportions often 
found in combinations. You recollect, in water there are 2 
volumes of hydrogen to 1 of oxygen, and in weight 1 of 
hydrogen to 8 of oxygen. In weight, again, for sulphide of 
iron, 4 of sulphur, 7 of iron ; for sulphurous oxide, 1 of sul- 
phur, 1 of oxygen ; for sulphuric acid, 1 of sulphur, 2 of oxy- 
gen ; for phosphorous acid, 2 of phosphorus, 3 of oxygen. 
In a word, as I have already said, in all combinations the 
component bodies are not only in definite proportions^ but 
are often also in simple ratio. Mixtures, on the contrary, 
have no fixed ratio whatever, and are sometimes exceedingly 
complicated. 

Secondly, the composition of air can be altered with great 
ease. If, when the phosphorus was burning a little while 
ago, I had allowed it to fall into the water, the air remaining 

Is »ir a mixture or a combination ? Why do you suppoM it i« a mixtur* I 
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ander the shade would have been less rich in oxygen than 
common air, and the longer the experiment would have lasted 
the less oxygen would there have been. There are not, then, 
any definite proportions in the composition of air, as there 
are in chemical combinations. 

Again, air has at the same time the properties of oxygen 
and those of nitrogen. It supports the combustion of bodies 
by the oxygen it contains, but with less energy on account 
of the influence of its nitrogen ; whereas you know that in a 
combination, water, for instance, the distinctive properties of 
hydrogen as well as those of oxygen have disappeared. 

So, once more I repeat, air is only a mixturey and in no 
sense a combtnatum. 

Now we are beginning to see a little into chemistry, since 
we have learned what air is and what water is, this being no 
easy matter. We also know about oxygen^ hydrogen^ and 
nitrogen^ three of the four simple bodies found in a gaseous 
state. The fourth, by no means without interest and utility, is 
chlorine; but its study would encroach too much on our time. 

But we must not boast about what we have learned. How 
many bodies yet remain unknown to us ! — not only simple 
bodies, but also compound bodies, composed of two, three, 
four, or more simple bodies 1 We could never think of learn- 
ing about all these, nor could we even pass in review an in- 
significant part of them. Notwithstanding, I have yet to tell 
you about several very interesting things, which you will 
find useful to you in many respects. 



Carbon. 

100. Carbon. — In the first place we will occupy ourselves 
with the study of charcoal. Charcoal is an impure form of 
carbon, 

101. Composition of Vegetable Hatter. — You are all 
aware that charcoal is derived from plants, from wood burned 

In what manner do the simple bodies act in a combination ? In a mixture ? Of 
the four dr:ple gaseous bodieH, which are the three known to you 7 What is char- 
ooal t Fkom what is it deriTed ? 
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in a certain smothered manner. This shows, of coarse, that 
carbon exists in plants, since it is extracted from them. 

Indeed, it exists in all their parts, — in their wood, their 
leaves, their flowers, etc. And you will no doubt be aston^ 
ished to learn that carbon is there combined with hydrogen 
and oxygen. It is these three bodies, carbon, htdboqen, 
and OXYQEN, that when united form almost aU kinds of 
vegetable matter. 

I have here a bit of sugar, a substance derived from a plant. 
I put it on this red-hot shovel (Fig. 145), but prevent it from 
burning with a flame ; in a short time there remains nothing 
but very pure and black carbon. If, while it is burning, I 
hold a cold plate (fig. 146) above it, you will see water con- 





Fio. 145.— On the red-hot shoyel 
the sugar leavee only a very 
pure black carbon. 



Fio. 146.— The water produced by the 
combination of oxygen and hydrogen 
of the sugar condenses on the plate. 



dense on the plate. This water is produced by the combina- 
tion of the oxygen and the hydrogen of the sugar. 

Starch, gum arable, alcohol, oils, and almost all substances 
of vegetable origin, will give the same result. 

See what a variety of forms nature gives to these three 
SIMPLE BODIES, carbon, hydrogen, and oxygen. 

102. Composition of Animal Matter. — Carbon exists 
also in the different parts of the bodies of animals. What 
is known under the name of animal black is a charcoal, ob- 
tained by heating bones in close vessels. 

In animal fat, also, hydrogen and oxygen are combined 



What are the three bodies that form vegetable matter f What becomes of a piece 
of sugar on a red-hot shovel when it is prevented from catching fire f How do you 
prove that the sugar contains something else besides carbon? Of what is starch com- 
posed? Gum arable? Alcohol? Oils? Where else is carbon found? What ia 
animal black ? What is the composition of animal fat? 
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with carbon just as in vegetable oil. In all the parts of the 
body, such as the flesh, the brain, etc., except in the fat, these 
constituents are found in combination with nitrogen. And 
%t 18 with these four simple bodies variously combined that aU 
the different constitu^ents of animal bodies are formed. 

Three are, as we have seen, gaseous ; the fourth, carbon^ 
is a solid body. 

103. Various Forms of Carbon. — And now let us examine 
carbon itself. It enters, as we have said, into the compo- 
sition of woody charcoal, and animal black. Do any of you 
remember to have met with it under any other form? — "Yes. 
Coal and cohe^^ — ^Ah 1 is coke the same thing as coal ? — 
" No ; coal is greasy and shiny, while coke is dull-looking and 
quite dry." — ^Yes, those are obvious differences; but do you 
remember nothing more important ? As some of you live in 
towns where the streets are lighted with gas, you can per- 
haps tell me the difference between coal and coke. — " Yes ; 
coke u thaJt which remains when the gas tha^ lights the streets 
has been taken from the coal.** 

Quite right : when the coal is sufliciently heated, the gas 
is set at liberty, and along with it many other things, ybr it 
is marvellous what can be extradited from coal, — ^rich colors, 
delicate perfumes, nearly a hundred useful substances, and 
among them flavors for sweetmeats. So you see coal is not 
pure carbon, far from it ; hut tha^ which remmns after coal 
has been Jieated, thai is to say, coke, is almost pure carbon. 

Carbon is found under still other forms. The bUick lead, 
as it is improperly called, of which your pencils are made, is 
almost pure carbon. It is found in certain mines, and is 
called also plumbago and graphite. 

But what is most curious is that the diamond is pure 
OARBON. I mentioned this fact when speaking about different 
crystals. Yes, it is quite true that the beautiful stone, so 
brilliant, so transparent, so hard that it can cut or engrave 
anything, however hard, 7ms the same chemical composition 

What is the fourth hody that enterB into the compocdtion of the flesh and the brain ? 
Of the fonr simple bodies that form the bodies of animals, which three are gas- 
eous? Which is the solid body? What do we obtain flnom coal? What reraidns 
after the gas has been extracted from coal? Name another form of carbon. What 
i» the diaioond? 

Id 
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as the ugly hits of coal, black and friable, sold in cart-loads for 
a comparatively small sum. You cannot believe such a thing, 
and your very eyes demand proofs of it. Well, I am prepared 
to give yon these proofs. 

104. Products of the Combustion of Carbon. — First, if 
a diamond be heated to a high temperature, it will swell out, 
and be transformed into a substance very similar to coke. 
This, however, might pass for mere external resemblance, and 
might be disdained as proof of chemical identity. 

Here is a lump of coal. I put it on the fire. It reddens, 
bums away, and disappears, as you all know, leaving only a 
few cinders, which are merely impurities, and have nothing to 
do with carbon. The carbon has disappeared ; it has burned. 
But what has become of it ? for, as you know, nothing can be 
lost. In burning it ?ms conMned with the oxygen of the airy 
precisely as did the sulphur burned in a former experiment. 

This combination can give rise, according to circumstances, 
to two sorts of gas. 

When coal hums hrightly and with strong hea^, it forms 
OARBONio AOID OAS, in which there are 3 parts of carbon for 
8 parts of oxygen. When it hums slowly and dimly, it forms 
CARBONIC OXIDE, In which there are 3 parts of carbon for 
only 4 parts of oxygen. 

In our fireplaces the coal in burning gives off a mixture 
of carhonic a^cid gas and carbonic oxide. The more draught 
the chimney gives, the brighter the fire burns, and the more 
active is the oxidation and the less carbonic oxide gas is pro- 
duced. 

You ought now to understand sufficiently the real chemical 
characters of carbon. You may bum coke, animal black, 
graphite (plumbago), or diamond, you will always have car- 
bonic acid or carbonic oxide gas ^ven off, according to the 
greater or less energy of the combustion. 

And you will have, at least in the case of graphite (plum- 
bago) and of the diamond, for these will not leave even 

Give a proof that the diamond is carbon. What gas is formed when coal bamfl 
brightly and quickly ? What when it burns slowly ? What does coal form while 
bnming in our fireplaces? What happens when the fire burns brighfly? Qiye 
a second proof that the diamond is pure carbon. 
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cinders, only a gas as the product of the combustion. Thus 
aU these bodies are carbon, pure carbon, especially graphite 
and diamonds. 

Now the carbonic oxide and carbonic add ^ases formed 
in our fireplaces and stoves, or emitted by our lamps and 
candles, merit our attention. 

106. Carbonic Oxide Oas. — Let us begin with the ca/r- 
bonic oxide. It is a colorless and inodorous gas when min- 
gled with the air, and this is very much to be regretted, ybr 
it is a most deadly poison, A thousandth pa/rt of this gas in 
the air suffices to cause death in a very short time ; a ten^ 
thousaaidth part is enough to give a violent^ headache. You 
see how important it is for our health and even for our life 
tJiat the products of combustion shovM escape eaaify and with 
certainty from our dwellings by the chimneys. The small 
stoves in which charcoal is often burned give out a large pro- 
portion of CARBONIC OXIDE, and hence occasion headaches, 
paUor, and even dangerous iUnesses, 

106. Carbonic Acid Gkts. — Oxide of carbon can be set on 
fire and burned like hydrogen ; it then forms what ? — " Cfew- 
bondc addr — Exactly so : the oxide of carbon combines in a 
new proportion with oxygen from the air. It burns with a 
pretty pale-blue flame, which you can see dancing up and 
down on the charcoal I have lighted in this little stoye. 
Unfortunately, a great part of the carbonic oxide is not con- 
sumed, but escapes into the air. 

In short, carbonic acid gas can be formed in two ways 
during combustion : either in a single operation by direct com- 
bination of the carbon with a considerable quantity of oxy- 
gen, or by the combustion of oxide of carbon that has been 
previously formed. All this is continually going on in our 
fireplaces, and this it is that gives us heat. 

Carbonic add gas is also colorless and has little if any 
odor. It is much less dangerous than carbonic oxide, and it 
becomes seriously so only when there is about 2 per cent, in 

What do yoQ know of carbonic oxide gau? What effect is prodaced by the one- 
fhonsandth part of oxide of carbon in the air? By the ten-thousandth poft? How, 
then, onght our flree and chimneys to be arranged ? What gas escapes tmm charcoal 
■toTes? what precaution is it necessaiy to take? What quantity of carbonic acid 
In the air Is wnonsly dancevons? 
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the air. But people should, notwithstanding, be veiy cau- 
tious with carbonic acid, for two reasons. 

In the first place, it would not be healthy for a person to 
remun in a place where the air contained one-tenth of one 
per cent, of carbonic acid ; but this is not all. When there 
is carbonic acid in a room, it is not because some chemist 
has brought it there to mix with the air of the room. Of 
course not: it was formed there. And at the expense of 
what ? Undoubtedly at the expense of the oxygen of the air. 
Now, carbonic acid gas is so composed that it contains a 
volume of oxygen equal to its own volume. Then, if there 
exist in a room one per cent, of carbonic aoid, one per cent, 
of oxygen must he wanting : instead of the 21 per cent, that 
ought to be pretent in wholesome air, only 20 per cent, remains. 
You understand that a person under such conditions incitrs 
double danger : first, in breathing the air poisoned by the car- 
bonic acid ; secondly, in running the risk of being asphyxiated 
for want of oxygen. This might easily happen to us with- 
out using charcoal or anything of the kind ; all that we should 
have to do would be to shut everything very close, and all 
of us remain here in the school-room. How so ? you may 
ask. Ah I we also abgorb oxygen and give hack earhonie add. 
Our body BURNB in its interior, just as the bit of wood bums 
in the chimney, but it 
bums very slowly, and 
yet without forming car- 
bonic oxide. But here 
we enter upon another 
territory. We shall learn 
about this when we come 
to study anivuU phyri- 
ohgy. 
m. ,., ^ . , .> . Carbonic acid jras is 

no. UT.— OartwDlc add ■pmd on tbe Kroand i> < . ■ ■ 

kill! the dog, but doHnoiKtupoDihtiDBD. lormed not only m onr 

fireplaces and in living 

bodies. In certain countries it oozes abundantly out of the 

OompMsltwIihonMeqf cuboo. At tbeeipenKofolut (■orboDlckdd timnsd 
bODlCKldiDftniam? What Mui place dnrlng bnatblngr 
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earth. Id the island of Java there is said to be a valley 
io whioh the soil emits such quantities that nothing can 
live within iu bounds, and the very birds that venture to fly 
through it fall down overpowered and die. Near Naples, at 
Pozzuolo, there is a grotto (Fig. 117) in whioh a man oan 
walk without danger, but into which a dog rwDot enter 
without being asphyxiated b; the o&HMnio aoi .' that escapes 
from the soil. You ask why there is danger for a dog while 
a man is in safety. It is 
because the carbonic acid, 
being heavier than the 
air, remains low down 
near the ground. 

Carbonic acid is also 
formed during thefermen- 
ttttimh of beer or of wine. 
Hence the danger in 
making wine or beer in 
insufficiently ventilated 
places (Fig. 148). 

After all this you will 

. , ■ J : 1 _ Fio. l«.-C»rl»nlo acid ii rortned In Ihc fur- 

not be surprised to learn nKntkUunotboerudwiDa. 

that there exists a little 

oarbonio acid gas in pure air, in variable proportions, but 
always less than one part per thousand. 

107. Carbonate of Lime. — Carbonic acid is, nevertheless, 
very frequently met with in nature, not free, however, but in 
a combined tlate. 

I aLall again have recourse to an experiment whioh has 
ulready proved useful to us on more than one occasion. Here 
is a bit of timetton^. I put it in a glass and pour strong 
vinegar (Fig. 149) over it. You see it gives off bubbles 
of gas: thii ga» is carbunw acid that the vinegar hat let 

With what was the carbonic acid united? With the 

HuBB mne eiunp1e« of llifl u£ml formfttlan of oarbonio add. Undor what otta*r 
drcnmiiuwH Ifl cmrhoiiic iictd rormed? In what proportion Is oarbonUi acid mixed 
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lime; we have already learned that. If we had submitted 

the stone to a very strong heat for a length of 

time, the carbonic acid would have been set 

free, and the lime only would have remained, 

and therefore had it subsequently been put into 

''th ^Si""^*©"* vi^®g*r no effervescence would have ensued. 

stone escapes Chemists givc to this calcareous substance 

acid wSchttie *^® name carbonate of limey which name indi- 

Tinegar had catcs that carbonic Ojcid and lime enter into its 

set free. • . • 

composition. 
108. Synthesis of Carbonate of Lime. — Before leaving 
this subject, let us do as we did when studying water. We 

decomposed carbonate of lime by analysis, 
let us re-form it by synthesis. 

There is nothing easier. I shall throw 
into a glass of water this little bit of lime, 
but I must take care, for it is lime re- 
cently made, quick-lims as it is called, and 
will impart considerable heat to the water. 
There, now, it is quiet and a part of the 
lime is dissolved. In order to separate this 
liquid part from what has settled down at 
the bottom of the glass, I shall filter it 
through some blotting-paper folded and 
"tt.J'SliJta ulSS^ placed in the funnel (Fig. 150). See how 
Still there is in it a limpid it is as it ruus through. Yet it con- 

little dissolved lime : . » ^^ • ^ .> j» -la* iij 

It is lime-water. tains lime in solutiou, and IS what is called 

lim^-wa,ter. 
Now, in order to form carbonate of lime with this lime- 
water, what must we add to it ? — ^^ Carbonic acid." — Yes, but 
how could you do so? — "Well, I should take a pair of 
bellows and go and fill the bellows over the fireplace where 
the carbonic acid escapes from the combustion of the coal, 
then I would blow the contents of the bellows into the 
glass of lime-water." — Very good; very well thought of. 
But if you had no bellows, or if there were no fire, what 
would you do then? — ^'^I have heard papa say there is 

What name do chemists give to the oombinatioii of carbonic add and lime? 
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oarbonio acid id soda-water: I shonld jnet put Boda-water 
into the lime-water." — Very true, there 

carbooio acid in soda-water ; and it 

this gas that escapes when the bottle 

opened. Ah 1 I eee Qeorge has found 
something. What is it? — " Why, tince 
we ownelvei produce earh&nu: acid by 
breathing, we should only have to blow 
owr own breath into the lime-water : that 
ifl easy enough." — Well answered ; as you 
say, it is easy enough : the difficulty was 
to find the idea. And to reward you for 
your sharpness, I shall beg you Ui make ns. isi.— Th* iiaw-nttr 
the experiment yourself. Blow into the {[^^^a^^in wU^ 
water through this straw (Fig. 151), '^j"'J''Ji/"^"''' 
Do yon see how the water becomes tur- ^ unw! "^ ""* 
bid and thiolc-lookiDg as if you had 
poured milk into it? This change is produced by the pres- 
ence of GAKBONATE OF LIHE formed hy the lime in sohition 
in the water and the carbonic add passed into it. This, then, 
is the gi/nthegig of carbonate of lime. 

Let it settle down in the glass. At the end of the lesson 
we shall pour off the water ; and then if we add some vinegar 
we shall see the carbonic acid furnished by George's lungs 
rising in bubbles to escape. 
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109. But we have not yet finished with carbonate of 
lime; it will still afford us several important facts. As we 
have already seen, carbonic add and lime enter into its com- 
position. Carbonic acid gas we know is composed of 3 parts 
of carbon to 8 parts of oxygen. But what is lime? Is it 
a simple body ? No, it is a compound body. Composed 
of what? Of OXrOEN again, and a simple body, a metal 
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wMch it is very difficult to separate from the oxygen ; this 
metal is called calcium. Chemists say that lime is an oxide 
of calcium. 

110. Hetallio Oxides. — Oxygen combines in like m,cmner 
vnth aH metals, thus forming oxides. The readiness with 
which this combination takes place depends upon the nature 
of the metal ; but it always does take place. If we had at 
our disposal some ccddum, and were to expose it to the air, it 
would rapidly absorb oxygen, so as to become Ume, Further 
than this, were it thrown into water, it would at once de- 
compose the water, so as to take hold of the oxygen, expelling 
the hydrogen. This, then, is a metal which is easily oxidized. 

Let us now cast a glance at iron. As you well know, it 
can be left exposed to the air without fear of immediate injury. 
Yet, after a considerable time if the weather be dry, or in a 
few days if the weather be damp, its surface will undergo an 
alteration : it will rust, or, as the chemist would say, will ox- 
idize. And in reality it absorbs oxygen from the surrounding 
air, and the reddish powder that you all know so well is the 
result of that combination. Kust is, then, an oxide of iron. 

Now let us look at copper. It can remain still longer 
than iron in contact with the atmosphere without undergoing 
alteration. Nevertheless, in time, under the influence of 
damp it also will oxidize, and will form a greenish body called 
verdigris. This verdigris is an oxide of copper. 

We must now study mercury, that silvery liquid metal 
which I showed you when explaining the construction of 
barometers. We might leave it for any length of time in 
contact with air and yet detect no alteration. ^ But were we to 
make it boil for some hours we should see its surface covered 
with a reddish powder, which would be oxide of m^ercury. 

Lastly, SILVER never oxidizes by contact with the air, it 
rusts neither by cold nor by heat ; nor does gold. Chem- 
ists, however, are able, and that without difficulty, although 

What name do chemists give to lime ? What combination does oxygen form 
with other metals? What would happen to calciam if exposed to the air? How 
does calcium act in water? What happens to iron when exposed to the air? What 
is nut f Whateffect has damp air upon copper? What is verdigris ? What is mer- 
cury ? How can mercury be oxidized? By what property are gold and silver dis- 
tinguished? 
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by indirect means, to obtain oxide of gold and oxide of 
sUver. 

This more or less rapid oxidation by the simple contact of 
air explains why some metaU are very frequently fov/nd in the 
earth in their natural state, while ^thers are altoays found 
in the staie of oxides, or in still more complicated combina- 
tions. 

Thus, gold, silver, platinum, mercury, and copper are fre- 
quently found in the soil in a metallic or native state ; that is 
to B&jjpure, Native iron, on the contrary, is very rare. Zinc, 
tin, lead, are always combined either with oxygen or with 
t:idphur ; but, as they neither oxidize very rapidly nor have a 
great affinity for oxygen, it is not very difficult to remove from 
them the oxygen with which they are naturally united. 

It is, of course, very different with metals that have a great 
affinity for oxygen, — calciwrn, for instance. They are never 
found in a native state. And it is, moreover, extremely diffi^ 
cult to remove their oxygen and bring them to a metallic 
form. Even the hottest fire fails to bring about this result. 

From time immemorial, lime has been known ; but not until 
the present century was calcium separated from it : this was 
obtained by the decomposition of lime under the influence 
of a strong electric pile. In like manner potassiv/m has been 
obtained from potash, sodium from soda, m^ignesium from 
magnesia, substances with which chemists have been ac- 
quainted for many a day. 

In short, in one way or another, with more or less difficulty, 
all metcds combine with oxygen, and so form oxides, 

HI. Hon-Metallie Oxides. — But oxtqen also combines, 
as we have already seen, with bodies which have neither the 
weight, the brilliancy, nor the other qualities of metal. Thus 
we learned that it combines with carbon and forms carbonic 
oxide gas and carhonic acid gas. 



Name some metalB that are frequently found in the earth in the noHwe state. 
Mention a metal that is rarely found in the native state. In what condition are sine, 
tin, and lead found f What happens to metals that have a strong affinity for oxygen 7 
Name some metals which it has only lately been possible to extract from their ox- 
ides. To sum np : what do all metals form in combining with oxygen ? Does oxygen 
eombine with non-metals? What compounds does it form with carbon? 
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With SULPHUR it forms svJphurous oxide and sulphuric 
acid. 

With PHOSPHORUS it forms phosphorous add and phos- 
phoric add. 

I might tell you, ajso, that it combines with nitrogen in 
a real combination, — ^not a mixture, as in air, — thus forming 
several oxides, the most important of which yield nitrous add 
and nitric add, sold under the name of aqaorfortis. This 
last-named is extremely dangerous, burning terribly. The 
slightest touch of it stains the fingers with ugly yellow spots. 

112. Acids, Bases. — In most cases the compounds of oxy- 
gen with metals are called oxides or ha;se^. 

Thus, potash, soda, lime, magnesia, the oxides of iron, 
copper, etc., are bases. 

The compounds that oxygen forms with non-metallic 
bodies are generally called acids after they have combined 
with water: we have already learned about carbonic acid, 
nitric acid, sulphuric acid, etc. 

But you must, moreover, know that some bodies are called 
acids and bases although they contain no oxygen. 

For instance, volatile alkali, or hartshorn, <$alled in chemical 
language ammonia, is a compound of nitrogen and hydrogen, 
yet it is a base. 

Again, hydrochloric acid is a compound of chlorine and 
hydrogen only; and sulphydric acid (the compound which 
gives the disagreeable smell to rotten eggs) contains only 
sulphur and hydrogen. 

Chemists have not selected these names without strong 
reasons, but it would be almost impossible for me to explain 
clearly to you what those reasons are. 

I must acquaint you with another character which causes 
one body to be called acid and another alkaline. 

I add to this glassful of water a few drops of ammonia. I 
then dip in it this slip of blue paper which has been colored 
by litmus : the paper remains of the same color as before. 

In this other glass I have added to the water some drops 



What compounds does oxygen form with salphur? With phosphorus? With 
nitrogen? What do you luiow of nitric acid, or aqua-fortia? 
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of sulphuric acid. I dip into this glass, also, a similar little 
slip of blue paper. See, it has immediately become red. If 
I now replunge it into the glass containing the ammonia 
water, it will resume its blue color. 

Hence it is said that acid substances redden the litmus 
dye, while alkaline substances bring back the blue color. 
All colors obtained from plants are modified in like manner 
by acids or by alkaline substances. 

I shall now show you a very curious experiment. I take 
our pile, a glassful of water, and two tubes, and I arrange 
the whole as we did when we decomposed the water. (See 
p. 102, Fig. 133.) Only I add to the water some drops of 
tincture of litmus, which gives a blue color, and a small quan- 
tity of a body called sulphate of soda. 

There, the electric current passes. You see that in the 
tube in contact with the positive pole, from which oxygen is 
given off, the water becomes red ; in the other tube, on the 
contrary, the water remains blue. . 

Therefore, when a body is decomposed by means of an 
electric current, the acid goes to the positive pole, and the ba,se, 
or alkaline comtituent, to the negative pole. Bodies composed 
of an acid and a base are called salts. 

There exist of these, as you may readily imagine, a great 
number, since about fifty metals are known to be capable of 
giving bases. I shall mention a few of the more important. 

In the first place, there are carbonates : carbonate of lime, 
which has already so often come under our notice ; carbonate 
of potash, which is to be found abundantly in wood-ashes ; 
carbonate of soda, which is used in a crystalline state and 
is ordinary washing-soda. Carbonates are easily recognizable 
by the fact that, from whatever metal they are derived, their 
carbonic acid always escapes in a gaseous form when they 
are decomposed. 

Then we have the nitrons. The most interesting of these 
is nitrate of potash, or saltpetre, which is to be found on old 
damp walls. It is used in the manufacture of gunpowder, in 
which it is mixed with sulphur and charcoal. 

What name is given to the oompoand of an aoid and an oxide or ba§e f 
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Several sulphates have considerable practical interest. For 
instance, sulphate of lime, otherwise called plaster of Paris ; 
sulphate of sodium ; sulphate of magnesium, much used for 
medicinal purposes under the name of Epsom salts ; sulphate 
of iron (green vitriol), and sulphate of copper (blue vitriol). 

Among phosphates, phosphate of lime is one of the con- 
stituents of bone, and is much used in agriculture. 

The silicates hold an important place in nature : silicious 
stones (slate, claj, granite, quartz) are composed of sili- 
cates. 

Another category of salts is formed by acids that contain 
no oxygen. Those best known are the chlorides and the 
sulphides. 

Sea-salt is a chloride of sodium ; that is to say, a compound 
of chlorine and of sodium : two bodies only. 

You can see the difference between these and the other 
salts which we considered a little while ago, such as, for ex- 
ample, the carbonate of lime, in which there are, 1, carbonic 
acid (carbon and oxygen), and, 2, lime (calcium and oxygen) : 
in all, three bodies. 

Metals generally used. — The most necessary of tliese is 
iron, an important peculiarity of which is its property of 
being welded or sticking together when strongly heated in 
the fire. 

When brought to a very high temperature by means of 
an exceedingly intense fire, it becomes sometimes cast metal, 
sometimes steel. 

You all know the many different uses made of iron and 
other much-employed metals, such as copper, lead, tin, zinc, 
silver, gold, mercury. 

Under some circumstances, as you know, several are mixed 
together so as to form the alloys necessary for industrial 
usages : such are brass, which is an alloy of copper and zinc, 
and the bronzes, which are alloys of eopper and tin in dif- 
ferent proportions. 

The greater number of the metals I first mentioned were 
known in ancient times. I have already told you that 
some, such as gold, are found in a pure state among sand 
or in rock, from which they are easily extracted. Others, 
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and these are the more nnmerous, exist as oxides, sulphides, 
or carbonates. 

In these last two cases, they are roasted in contact with 
the air ; the sulphur or carbonic acid escapes, and an oxide 
Df the metal remains. 

As for the oxides, they are mingled with the coals and 
subjected to intense heat. The coal takes hold of the oxygen 
of the metal, thereby forming carbonic acid and carbonic 
oxide, both of which escape, leaving the metal alone. 

It is in this way that iron is treated in hldst-famcices. 

Metals may be by various processes coated one upon an- 
other. A thin coating of gold or silver may be laid on any 
other metal, etc. This is called gilding or silvering. Wires 
are also coated in like manner, so as to prevent rust ; cooking- 
utensils are lined with tin, so as to avoid the formation of 
verdigris, etc. 

Many more interesting things I might tell you about 
metals had we time. 

SUMMARY.— CHEMISTRY. 

1. Simple Bodies and Compound Bodies (pp. 95-97).— Bodies that 
cannot be decomposed are called simple bodies, or elements. 

2, Compound bodies are bodies in which there exist seyeral simple bodies 

OOMBIKBD. 

8. Seventy simple bodies are known at the present day. 
4. All metals belong to this class. 

6. The greater number of simple bodies are solids ; such are gold, silver, 
iron, copper, Eino, lead, tin, sulpnur, carbon, phosphorus, and arsenic. 

6. Two are liquids, one of wnioh is mercury. 

7. Four are gaseous ; these are oxygen, hydrogen, nitrogen, and chlorine. 

8. Mixtures and (Hiemioal Combinations (p. 99). — ^There is a very 
great difference between a mixture and a chemical combination, 

9. In a MIXTURE the nature of the bodies mixed together remains un- 
altered, and the mixture can be made in any proportion whatever. The 
phenomenon is purely physical. 

10. In a CHEMICAL COMBINATION the nature of the bodies present is 
totally changed, and the union of those bodies takes place in simple and 
definite proportions. 

11. Air is a mixture ; water is a combination, 

18. Water (p. 102). — Water is a combination of two gases, one called 

HYDROGEN, the Othcr OXYGEN. 

Water may be easily decomposed under the influence of the electric 
current : this decomposition gives one volume of oxygen for two volumes 
of hydrogen. 
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PREFACE. 



Before the English translation of the " First Steps in Sci< 
entific Knowledge" appeared, five hundred thousand copies 
of the original had been sold in France within three years. 
Immediately after the appearance of the first English edition 
a second was called for ; and the American publishers feel 
confident that the success of the American edition will not 
be less than that of the foreign. 

The American editor has made in the excellent translation 
of Madame Bert only such changes and additions as were 
necessary to Americanize the book, and to adapt it to the re- 
quirements of public and private schools as well as to home 
instruction in this country. 

In the Anatomy and Physiology has been incorporated a 
translation of the chapter on Hygiene from the more ele- 
mentary book prepared by M. Paul Bert to meet a change 
in the grading of primary instruction in France. 
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VI -ANIMAL PHYSIOLOGY. 

1; It is undoubtedly a very interesting thing to learn the 
names of animals, plants, and stones, where and how they are 
found, how they resemble or differ from one another, what use 
we can make of them or how we are to guard ourselves from 
such as are harmful to us. It is very interesting to know 
how bodies fall by attraction, how light is reflected, how elec- 
tricity is produced. But what is infinitely more interesting 
stiUy is to kTiow how we ourselves live, and to learn the history 
of the animals that surround us, whose history is pretty nearly 
the same as our own. Physiology (from two Greek words, 
physis, nature, and logos, study) is the name given to the 
science that treats of these vital phenomena. 

2. The Three Problems of Physiology. — Nutrition (Fig. 
Look at that brood of little chickens in the court-yard. 

ot one of them weighs much above half a pound ; yet in a 
few months they will be as big as the old ones, and will weigh 
several pounds. After that they will remain about the same 
size and weight all their life long. 

Were I to ask how they are able to grow thus, where 
they find these pounds they thus add to their first weight, 
you would unhesitatingly answer that it is the result of the 
grain they eat, of the nourishment they consume. But do 
you think that in six months* time they have eaten only one 
or two pounds* weight of food ? Ah ! the farmer's wife would 
tell you that you were greatly mistaken if you fancied this, 
and would speak of bushels instead of pounds. It is then 

What ifl phyiiologyf 
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but a wjy intignijicant part of their food that remains in 
their bodies and is profit- 
able to them. Moreover, 
even when they have 
reached their fnll growth, 
they continue to eat, al- 
thougk their loeight no 
Umger increate*. What, 
then, becomes of the food 
they eat, and of what nae 
can it be to them ? 

This is the first problem 
that Physiology presents to 
ua ; WiuU become* of food, 

wUl'beublguUaglddnH: ImH^m!^ of V>hat VM U it, Ottd W&y 

do tee take itf for we are 
absolutely obliged to eat, under penalty of death from hunger. 
This is the problem of nuteitiom. 

3. Smiation. HotioiL — Yet, notwithstanding the impor- 
tance of the problem of nu- 
trition, it is neither the most 
curious nor the most diffi- 
cult of those presented to 
us by animal life. 

Open the window sud- 
denly and halloo at the 
chickens. See how they run 
away (Fig- 2)- They are 
frightened. Now let them 
I get over their fright, and 
throw them some crumbs 
F,«. 2._Th^.»^^«(«W:^_«««^-9« of bread. There they conus 
nmning to pick it up, quite 
delighted, the mother hen and all. What does this signify? 
This shows in the first place that they hea/rd the noise yon 
made, that they »aw your gestures ; in a word, they knew, 
they felt, that something or somebody was there. It also 
shows that they imdentood that the noise and gestures were 

WtatiiUisSntpn)bl<mw*mHt«lthlnph]fdolDgyt Wliat duu ligtnn tolt) 
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threatening in the first experiment, and inviting la the eecond. 
In Bhort, this implies that, having understooa, they moved ; 
(Aey gave orden to their feet and winga to move, bo as to enable 
them to avoid a danger that they believed to menace them, 
or to profit by aD advantage they saw offered to them. 

Here, then, are two other problems. First, How are animalt 
capable of feeling, imdentanding, willing? This is the prob- 
lem of BENSATION and of INTELLIGENCE. Then, By what 
tneant are their order* obeyed? How is it that the whole 
body, the feet and wings when there are any, obey the 
order, and execute the necessary movements? This is the 
problem of motion. 

We have, then, before us three great problems. We will 
study them one after another. I will first speak to you 
about motion, because it will lead us to leam the history of 
tbe bone» and the tkeleton, which we must necessarily under- 
stand in order to be able ia study the other two problems. 

L— MOTION. 

4. The Three Factora of Hotlon. — Come here beside the 
table and lay your forearm 
A flat upon it (Fig. 3). 
Now fold your forearm A 
backwards towards your 
arm B (Fig. 4). Very well: 
this is a movement. Let us 
see what has taken place. 

You are all perfectly 
aware that there is a hone 
B (Fig. 5) in tbe arm and 
another Jone C (in reality tio. 3.— PuI your rio. *. — Fdw thu 
there are two) in the fore- S^S/ "" °° d^'S»™r'* 
arm. 

These bones are in contact with each other at A, the 
elbow, and there work upon each other. The movement 
you made had the result of bringing near each other the 




10 



ANIMAL PHYSIOLOGY. 




Fia. 5.— The bones G and B play on each other 
at the articulation A of the elbow. 



bone C and the bone B, just like the two arms of a compass. 

These bones are hinged 
on each other at the 
elbow, a part arranged 
for that purpose, and 
which is called a joint, 
or, to use a better expres- 
sion, an ARTICULATION. 

These bones are harder than wood. Were they all alone 
they would remain end on end, no more able 
to move than the arms of the compass. Some- 
thing else is necessary to enable them to move, 
and this something is what is called a musde. 

Once more I ask you to bend your fore- 
arm back upon your arm. And whilst you 
do so, grasp with the other hand the thick 
part of your arm. During the movement 
you can feel at A something that grows harder 
and thicker under your grasp. This is the 
great motor muscle of the forearm, or, to use 
the physiological expression, the^^exor mwicU 
of the forearm, that is in action (Fig. 6). 

There are, then, in this movement three 
parts to be considered : hones, articidcUions, 




Fig. 6.— Yon feel 
something at A 
that is hard and 
balky.— It is the 
flexor fiMMcIe of 
the forearm. 



and muscles. 



1. The Bones, or the Skeleton. 

We have learned in the Natural History that skeleton 
(Fig. 7) is the name given to the bony framework of the 
whole body, and that this skeleton is composed of three 
great and distinct parts : the vertebral column with the ribs 
B, the skuU A, and the bones CC of the limbs. 

5. Various Shapes of Bones. — These bones are extremely 
varied in shape. Look at these chicken-bones that I laid aside 



What name is given to the point at which bones play on one another, for ex- 
ample, the elbow ? What name is given to that which causes the bones to move ? 
How many organs, then, have we to consider in each movement? What ia a akelo- 
tou 7 What are the three great parts that compose a skeleton 7 
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at dinner yesterday (Fig. 8) : eome &re long, A ; others are 

flattened out, B ; odiers are short and irregularly shaped, 

C. But, although so different in 

form, all are of similar chemical 

composition. 

6. CompoiitioiiofBoiLea. — See, 
I put one of these bones into 
strong vinegar (Fig. 9). Imme- 



I i 

Fia. 8.— Clilcken-tniies. 



diat«ly tiny bubbles of gas escape from it : this gas is car- 
bonic acid. For carbonate of lime is one of the constituents 
of bones. They also contain phogphate of lime; indeed, it 
it, at I have already told you, from bortet that pkotphorm w 
extracted. 

See, here is a bone similar to the one we have just spoken 

tlw bolws. What luUlalHW do ws obUiu fnnu bouH t 
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about, but which has remained steeped in vinegar for several 
days. The carbonate of lime and phosphate of lime have 
both been dissolved, and that which remains of the bone is 
quite flexible. If I put it in the fire it will entirely dis- 
appear. This is what is called the organic part of the bone. 

It is the living part of hone. 

Thus, in bone there are two parts intimately related to 
each other : organic matter and mineral matter. 

This last has not always existed in the bone. When very 
young, hone contains no mineral matter: it is at first quite 
SOFT and flexible ; afterwards the earthy matter makes its 
appearance in certain parts. These soft, flexible young bones 
are called gristle or cartilage. 

7. Structure of Bones. — Let us cut this rabbit's bone 
across ; it is the thigh-bone (Fig. 10). You can see that it 





Fio. 10.— The bone Is hollow and Fia. 11. — The yertebra of a rabbit, showing 
contains hony tnarrowt which has the spongy tissue A. 

the property of making bone. 

is hoUow, and encloses a sort of canal. In this canal is to be 
found a pulpy substance called marrow. It is from this 
marrow that the bony substance is formed, both originally 
and for purposes of repair when a bone has been broken, or 
fractured, as doctors say. 

Here is a rabbit's vertebra (Fig. 11). I also cut it across. 
We do* not find here a canal for marrow ; but the bony marrow 
exists all the same in this sort of internal net-work A which 
has some resemblance to a sponge ; hence the name of spongy 
tissue given to it. 

8. Vertebral Column. — The vertebral column AB 

— ^ 1 r — - ^ 

What remains when the carbonate and phosphate of lime are dissolved in vinegar? 
What name ip given to this matter? What part of the bone is it? In that case, 
what is there in bones? What peculiarity do the bones of yonug animals present? 
What name is given to bones that are soft? Are bones solid or hollow? Wnat is in 
the internal cavity of bones? What property does marrow possess? By what is the 
canal for maiTow replaced in vertebraa ? 
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(Pig, 12") is formed of a series of XSrtsbrx, A, piled the 
one on the other. Each vertebra (Fig. 13) is composed of a 
solid mass, or body, A, and a bon; 
rwff, B, behind. Pray observe I 
say " behind" because I speak of 
our own vertebral column ; were I 
alluding to a quadmiped I should 
say " above." 

All these rings placed one above 
another enclose what b called the 
^jial canal. 

Several regions are observable in 
the vertebral column. 

First the neofe, or eervie(J reffiott, 
G, composed of teven vertebrm that 
have nothing particular about 
them. Then the thoracic or dorsal 
region D, composed in mankind of 
twelve vertebne. Each of these 
bears a special bone or rib E di- 
rected forward in a curved man- 
ner, and united tc the opposite rib 
by the cottal eartilage F and a 
series of bones G that you can 
easily feel in front of the chetl, 
and that is called the sternum. The 
thoracic vertebne and the ribs, 
along with the costal cartilages and b. ribs'; v, c«ui «iiiiuh; o, 
thestemum,formthusasortofopen "j^*„X™'rion'""' '^"'^ '■ 
cage, wider in it» under parts than k, tunei uf tb« peivii (hip). 
in its upper, commonly called the o'^^j^ir^^J!^'"^' 
chett, and scientifically the thokax d| ihotKic region, 
(a Greek word that has the same i,'„^ mgioo.'' 
meaning). 

Of whU b tb* Tertsbml column totaled} Of wliit It ucb lartobn compowdt 
WkiU do all ItuM rtn^n. rlued one dd uiuther, fonni Wlint nune is glnn lo lb* 

to tlia n|;IOD of ths back 7 Of bow many Tertebne It II dDmpoaed f What Importuit 
DeoiiliuitT 6a thfl rert«br« La the don&l region prevant? la vrh*t mumerla each 
Wb*l do Ibe doinl TwUbm, Ui« lib^ tb« c«UI ant- 
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Below the dorsal region comes the l-mnhaT rt^ion H, with 

ribless vertebrse like those of the neck 

__^ B^fc^ ^' *^^^ 'l** tacrai region I, in which 

•—"Sp^ •9Sir five vertebrw are joined together so 

ttP— *■ *Wp as to form only one bone, the SACBUH, 

Th. 13. ^^^^ which the bones K of the lower 

Tsrubn Teiwbn limbs articulatc. 

""fton""* "X>i^" Lastly, there is the caudal region 

A, to^ or tbe Tertebn. J, wMch in long-tailed animals has 

*ih!2S "f™V^r"*T^ oft*" » g^»f' number of vertebwe, but 

bne iba npitwi mil. In ia mankind ia leduccd to two or three 

which Ifl foDnA tba ntmal ■-..i i_ 11 j 

Brd. . ^ little bones called coca/x. 

9. SkulL — At the upper end of l^e 
Tertebral column is situated the skull (Fig. 14). It is a 
sort of bony box, the cavity of which opens into the spinal 
canal (see § 51). 



no. 14.— Tlie ikBll. 

A, B, orblte of the ey«. F, «Hab™ of the neck. 

C, null chudben. O, ckrlcle fcolUi-lwiie]. 

S, upper Jav, fixed. H, HspDls (abaulder-bude). 

The skull is composed of a goodly number of bones, whose 
names we wilt hereafter learn. In front arc the cavities or 
ORBITS A, B, in which the eyes are set ; G, the nasal CHAH- 

Wh«t region comee nfter the dam] regiun? WbHt nuae It ^ven td tbe Atb *erte- 
hrta Joioed to^tberin tbe eacrsl ruginnT Wbet boaei doet the tacruni iDppartf 

At the upper endor the Tertebnl Hilumo 7 



G, arpoa (wriat'boiie). 
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BERS, and the two jaws D, E, set with teeth, between which 
is the opening of the vunUh. 

The upper jano D is stationary, being a part of the skull. 
On the oontraiy, the wider jaw E is movable, articulating 
with the skull, as you all 

10. Lifflb-Boa«s.— TAe 

upper Umhi (Fig. 15) (/ore- 
limbf in qoadmpeds) are 
composed of several parts, 
as yon know : the «rm 
(from the shoulder to the 
elbow ), JbreaTTn, wriit, 
ptdm, and fitngen. The 
names given to the bones '"•■ '6.— irppor iimfc (wrm ami fo»«rm). 

are— HDMERUS, forthatof ^Jb™"^"'"' " '"*""' ' 

the arm D ; badius and b, ci&Ticie.' 
ULNA, for the bones E, F, D,™m.™ 
of the forearm ; cabfus, ^ J^"} i 
for the wrist-bones G ; 
HEKACABPUe, for the bones H of the palm ; phalanqes, I, 
the finger-bones. In reality, the metacarpal bones (those 
of the palm) are simply the 
first phalanges, the only dif- 
ference being that they are 
not free like the others; but 
in this bat's wing you can see 
they are quite similar to the 
others, so that each finger 
seems to have four phalanges, 
A, B, C, D (Fig, 16). 

One, of the two bones of »i^ ifl.-Kitnmitj "fjl '■''' T*^ 
the foreann, the ulna F, is the siTJ^raf a, b, c, d. ^^ 
direct continuation of the hu- 
merus D : ite upper end, J, forms the elbow, hence it is some- 
times called cu/nttu, a Latin word meaning elbow. It so fits 



Ld IhspBlinor Uiehud) Tut 
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the hamerns D as to execute only moTements like the hinge 
of a door. The other bone, £, reuUut, 
turns on the ulna in a very curious 

manner, oarrying along with it the 
wrist and the whole of the hand. 
These movements of the radius render 
ne most important services : in this re- 
spect no animal is so well endowed ae 

The arm is attached to the body 
by two bones l the sbohlder-bladk 
(see preceding page), a flat bone, with 
which the hwnena D is articulat«d, 
and which is directed backward and 
lies opon the thorax, without being 
nnited with it anywhere; and the 

OLATIGLE B, or OOLLAB-BONE, placed 

like a cross-bar passing between the 
shoulder-blade and the sternum A, 
where it is firmly fired. 

la the lower limb (Fig. 17) we distin- 
guish the tktffh, the leg (from the knee 
to the foot), the intt^, the tole, the toe*. 
The names of the bones are — pe- 
UDR C, the thigh-bone; tibia and 
FIBULA, the two bones E, E' of the 
*^*"""i7^nrfIIS)' '"''*''' '^S; TAEaws, the bones F, G of the 
A, ttcT^ (Inferior 8i- listep ; UETATAESTJB, the bouea H of 
?^?"!, "* "*" ""*'"»' the sole ; phalanges, the bones I of 
the toes. The tibia is the thick bone 
^ ^^^^ ^^ of the front of the leg, shin-hone as 

bJ um* } ,| . it is called : it supports the body, and 

f/g,*^™. (iBrtep). extends from the femw C to the tar- 

H. meuunus (■oio). tug F ; the fibula is a long slender 

I, Tertcbne (LnmiHr). bone ; it has no special use. 

Whftl doH th* nppeT and of ifae hnmerng Ibrin I Whit pecglluilf da« Iba ndlni 

lowerllmbl Wh*tDBinel> riien to Ihc Ihlgh-boost To tha (wo t»n« ii> th« lecT 
To (he boiiH In the lintepr To [h« Iwdh In ih« »1m or itia teatl To iho tDDaaln 
thalDH) Wbstlittasdliiit ThcllbtiU? 



B,i»li 



pelTli (bin), 
remur ((high). 
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The two femora C, that of the right thigh and that of 
the left, articulate upon a broad and solid bony girdle B, 
called the pelvis, A (the haunch), which is joined at the 
back to the sacrum (the wider end of the vertebral column). 
This forms a solid base upon which the body can rest. 

So much for the bones. We will now pass on to the study 
of their articulations. 

2. ArtictilationB. 

11. Articulations are, as I have already told you, the parts 
D (Fig. 18) where any two or more hones^ that are to play on 
<me anoth^, come in contact. 





Fio. 18.— D, articulation. A, homeniB; Fio. 19.— B, ligaments holding the bones 
B, ulna ; G, radius. in place. 

In order to facilitate their movements, these parts of the 
bones are covered over with a sort of polished, shiny cap 
of gristle, constantly kept moist by some drops of liquid. 
And in order to assure sufficient firmness to the articulation, 
fibrous bands, or ligaments (Fig. 19), pass from one bone to 
another. 

You can easily understand that articulations may be very 
differently shaped, according to their destined functions. But 
these are details into which we cannot enter at present. 

12. Fracture of Bones. — It sometimes happens that a bone 
is broken by a blow or a fall ; surgeons then say that the bone 

Upon what do the two femora articulate? To what hone is the hiMin or peWis 
Joined 7 Give the definition of an articulation. What facilitates the moYements of 
the Joints? How is the firmness of the articulation assured? 

20 
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tached to it by strong whitish cords A, A, called by anatomists 
TENDONS or SINEWS. The muscle in this case acts by the 
intermediary of the sinew, as you might draw anything with 
the help of a rope, and not directly with your hands. 

15. Muscular Contractility. — The 
filaments or fibres of muscles have a 
very peculiar property. When they are 
pricked, or cut, or burned, or struck, when 
they are excited by electricity, in a word, 
whenever and however they are irritated, 
they shorten^ or, to use a more technical 
expression, they contract, as physiolo- 
gists say. Evidently this brings their 
two ends nearer to each other, and along 
with them the bones to which they are 
fastened. 

This is what happened to your forearm 
a little while ago. 

In your arm there is a muscle that 
passes from the upper part. A, of the 
humerus to the beginning, B, of the forearm. When it 
shortens, since the humerus is solidly fixed to the shoulder, 
the result is that the forearm is lifted up in the direction 
of the arrow, carrying the hand along with it. Of course 
the muscle cannot become shorter without becoming thicker ; 
and that is why you felt it become hard and bulky in your 
arm. 

A very curious thing it is to study closely this contraction 
of the muscles. Luckily, the farmer's wife has brought for 
supper a rabbit that was killed but a few minutes ago. 
Let one of you fetch me the electric pile. I touch the two 
ends of the muscle A with the two poles (Fig. 27) : see how 
it immediately swells out and shortens; and yet the rabbit is 
quite dead. 

16. Number and Variety of Muscles. — All other muscles 
give a similar result, and you see I provoke all sorts of 



Fio. 26.-^, one of the 
muscles of the arm. 
A, A, tendons. When 
the muscle G contracts 
the forearm D is raised. 



How are the muscles attached to the hone? What peculiarity do they pnsent? 
What are the consequences of this contraction ? Show the effect of muscular contrac- 
tion in your forearm. How can a muscle be made to contract by artificial means ? 
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moYemente by exciting Baccessively the different muscles of 
the de&d rabbit. 

And these are not few in numbeT. Some set the feet in 
motion, or bend or spread out the toes ; others act on the 
position of the head, others on the vertebral column, others 
on the abdomen. In short, to give you some idea of their 
number, I may tell you that upwards of two hundred have 



been counted in a man's body, each haviug its own special 
part to play. 

You must understand, however, that it is not my intenUon 
that we should study all these muscles ; that is for doctors 
and surgeons to do, for they muBt needs be well versed In 
anatomy, — that is to say, the details of all the parts of the 
body. 

17. Seath-Stiffenui^. — See, the muscles of the rabbit 
hardly contract any longer : in a few minutes it will even be 
impossible to ezcit« any one of them ; they will be quite 
stiff. This is what is called the death-stiffenino. This in- 
evitably happens in all dead animals. When it ceases, the 
muscle is ready to rot, or, properly speaking, to putrefy: we 
say putrefaction tet» in. 

Looomotion. 

18. There are many kinds of movements that are executed 
with the aid of the mu*de» : for instance, we can at will bow 

Wb« phaDomenoD rair bo otasned In all dMd nlmnlit Whan U» rMdltT 
taum, law wbUiUM will tha BBaclHitutitljr estui 
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down, lift up or turn about our head, carry our hands to our 
mouth, or put them behind osr 
back, open or ehut our jaws, our 
lipa, our eyes, etc. 

But there are some movemente 
of peculiar iatereat because they 
enable us to move from place to 
place, to walk, to run, eto. These 
are said to be moTements of LO- 
COMOTION (from the Ladn Iiku$, 
place, and movers, to move). It 
is to such movements I now wish 
to direct your attention. 

19. Standing. — In the first 
place, I must {«11 you about the 
musenlar action required to stand 

UPRiaHT, 

I seem rather to astonish you. 
— " Why, yea, you speak about 
movement : when a person staDds 
he makes no movement, for he 
does not stir from the spot." — 
What you gay appears tme enough 
certainly, and yet it is not so; for 
if the person makes no evident 

Fio- fift, — Tha DEinebt position u *. ^t^ti-j 

Dot a, itatn of rep^. fiiriroio II : movements, at least he hinders 

jtMnpni.vhemsiniwnediiymB- certain movcmcnte being made. 

A, mnscfeof tbe'caiT whicii pn- See, Stand up before me. Do 

thefootrframiiiiiM''intnmt.'° ?**" think you oould remain bo 

Cinu«iewUcii|)™«Dtiiii«thigii foralongtime?— "Ob, nol oneis 

from bending bukwBrd. ±- i a a j' •.■ i " 

F. mDKiHwhichpreTBDtibflbodT ^^on tired 01 Standing motioDless. 
from faiitBg for™i. —Why sbould one soon be tired ? — 

G, mmclM of Iho lolni which iu«- „ _ •" , . , » .i 

uih (ha rBrtebrai column, " uecause he must keep penectly 

^iTrtuIrbll'" "*"""'"* '""^ upright."— And how do you keep 

yourself quiteupright? Bystretch- 

ing your legs, your back, and your body, is it not? What 

JDOnBlf bpri^bb 7 
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would happen were you not to stretch yourself up ? — " My 
legs would bend, and I should fall down." — Well, of course 
that would be the result, and certainly this downfall would 
be a movement, though an unpleasant one, which you would 
rather avoid. How do you avoid it ? By contracting certain 
muscles. Follow attentively what I am going to tell you. 

See here, your foot rests firmly on the ground. If you did 
not keep your muscles tight, your leg, &om D to B, would 
bend forward. To keep it from doing so, the muscles A of 
the calf of the leg (Fig. 28), which reach from the tibia 
(shin-bone) to the heel, contract vigorously. Put your hand 
on them, and you can feel that they are hard. Thus you see 
the leg is fixed straight above the foot. Again, were you to 
let vour muscles slacken, the thigh from D to C would bend 
backward. To keep you upright, a powerful muscle C, situ- 
ated in front of the thigh, contracts and straightens it. This 
muscle presents a curious peculiarity. At its lower end it is 
terminated by a thick sin^ew; this is in itself not different 
from other muscles that we have already seen, but what is 
very remarkable is, that in the middle of the sinew there is a 
small bone called the patella, or knee-pan, that presses upon 
the femur (thigh-bone), and tibia (shin-bone), when the mus- 
cle is in action, and so closes the front of the knee-joint : with 
your fingers you can easily force this patella to move. 

So much for the leg and the thigh. But the body would 
also fall forward were it not kept up by the large muscles 
that are fastened behind to the pelvis (the haunches). Lastly, 
the vertebral column and the head are kept up and sustained 
in erect attitude by the contraction of the muscles of the 
loins G and the neck H. 

So you see yowr body is by no means at rest when standing 
upright. 

It is for this reason that the calves of the legs, the thighs, 
the loins, and the neck are soon pained under prolonged stand- 
ing. Even when seated, neither your vertebral column nor 

Which mnscles prevent the leg, ftrom the knee to the foot, from bending forward? 
What moflcle prevents the thigh from bending backvrard? What peculiarity does 
thifl muocle present ? Which muscle prevents the body from fitlling forward ? What 
are the mnscles that sustain the vertebral column and the head ? What conclusion 
do you arrive at in consequence ? What are the results of standing a long time 7 

17 
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your head is at rest. And that is why backs were invented 
for chairs ; for that reason also you let your bodies lie forward 
on your desks, although you are told that this is a very bad 
habit, and that you may become hump-backed if you do not 
take care. 

20. Walkms; and Emming. — From standing to locomotion 
the transition is easy. You that have remained on foot, 
lean forward; more so, and yet more so. Ah, you were 
just going to fall, so you put forward your left foot : in do- 
ing this you made a stq). There, you are now in equilibrium 
on your two feet set apart. Lean forward once more ; again 
you feel ready to fall, and this time it is the right foot you 
pass rapidly in front of the left. You have thus taken an- 
other step, you have walked. Walking is then a series of 
'partial falls in a forward direction: falls checked just in time. 

In walking, at least one foot is always on the ground, the 
body being supported alternately by the one and the other. 
In running, the feet are in such rapid motion that they are 
never both on the ground at the same time ; and at regular 
intervals the body is altogether in the air, and not in contact 
with the soil at all. So running is a series of leaps. 

There is great variety in the detail of locomotion of ani- 
mals. 

Quadrupeds walk, trot, gaUop, etc. ; aerial animals fly ; 
aquatic animals swim ; limbless animals creep. But however 
varied these movements may outwardly be, they are always 
the result of muscles contracting and acting upon solid parts. 
In the case of vertebrates, the solid parts are the bones ; in 
the case of invertebrates, the muscles act upon the hardened 
skin, as with insects, for example: be this as it may, the 
muscle always plays the most important part in motion. 

21. Voluntary and Involnntary Motion. — All the move- 
ments of which we have just been speaking are voluntary. 
You can lift your arm or keep it at rest, or open or close your 
mouth at will. Yet there are m^ovements that you can m^ake 



What fs walking? What is running? Name the different yarieties of locomotion 
in animals. In a general manner how are these movements produced ? By what 
are the bones ordinarily replaced among the inyertebrates? Name some volantary 
movements. 
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eU toiS, but which yov/r loiU cannot prevent. Thus, yon can 
wink as often as you like ; but I defy jou to keep from wink- 
ing were I to touch your eye, or even were I to make you 
believe I wished to touch it: you can also quicken yoat 
breathing, but you cannot avoid breathing. Put a bit of 
bread in your mouth and chew it; as long as it is in your 
mouth you can do what yOu will with it, but once it enters 
into your throat it is seized, carried off and swallowed without 
your having any more power over it. We have then before 
us a second category of movements that are to a certain ex- 
tent both voluntary and involuntary. 

There are also others, quite involdntaet, which we con 
i\either produce nor hinder, and of which we often have no 
knowledge. For instance, unless we put our hand on our 
breast we do Ttol feel our heart beat; we have not the menta- 
tion that our stomach and our intestines contract, and HW 
miff^ vainly endeavor to aooelerate the beating of our heart 
or the oontraotion of our stomach. 

These movements, over which we have no control, are the 
moat important for the preservation of our existence. Were 
we able to arrest the beating of our 
heart or our respiratory movements, 
we should immediately perish: it is 
therefore better for us that we have 
no power over them. 

22. Oymnastio Exercises. — 
When a muscle is continually ex- 
ercised it becomes thiokeh, hajid- 
ER, and STRONGER. This is the 
reason that bakers and blacksmiths 
have such large anna, for they must 
work hard at kneading the dough 

or raising the heavy hammer with "gii^i;J,'';^^1„'^„" 
which they strike the anvil. The 'rLJJ^IJJ'^ "" "™ °' "" 
exercise strengthens the muscles of 

their arms ; in the same manner much walking thickens the 
muscles in the calves of the legs. 

H prodn»a at will, bat UuE cannot ba fn- 
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Yon can thus see the vsefnlness of exercise, and why it 
is that aft«r you hftve worked well in school it ia good for 
you to walk, ran, pky ball, and row if this last is possible, 
for the exeroiae develops the tnasclea that have been idle in 
the achool-room. Those who pass their lives in office, with 
little or no moring about, as is often the case in cities, can 
nerer be very stroug. 



Fia.3Ct—S;iWiiuticKriiuuitliiHer«laH bring Into pU;">d dxiralopktl thannacle* 
uf Uubodr. 

But the beat exercise for the muscles is gymnaatios, 
which may be so arranged as to give all the muscles of the 
body their proper exercise. Then one becomes strong not 
only in ^e legs or arms, but in the whole body, and one is 
fitted for work of any kind. 

DUeases of the Hnscles. — Sometimes the muscles con- 
tract in an exaggerated manner so as to oaase great pain. 
This contraction is called cramp. The application of cold or 
heat, friction, and the forced stretching of the limb generally 
cause the cramp to pass away quickly. 

It is partly In the muscles that are situated the rheame^- 
tism* which arebrought on by exposure in cold damp places, 
and which may generally be prevented by carefully avoiding 
such exposure. 

Bo not forget that persons who nse intoxicating drinks 
habitually are especially liable to certain diseases of the 
joints and muscles. The habit of using strong drinks, and, 
in a less degree, the use of tobacco, will hinder all the good 
effects of muscular exercise. 

Booms; Ui« luuckaba dsnloiwdl WbUixnmpt 
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SUMMARY.— MOTION. 

1. The three problems of physiology are KuTRrriON, Sensation, and 
Motion. 

2. Motion (p. 9). — In every moyement there are to be considered : the 
bonetf the joints, and the rniMe^*. 

3. BOBOS (p. 10). — The skeleton is composed of three distinct parts : the 
apinal column and ribs, the »kuU, and the bonet of the limbs, 

4. The bones are composed of an organic or animal substance called 
cartilage, and a stony mineral matter formed of carbonate of lime and phoe^ 
phate of lime, 

5. The marrow, which has the property of making bone, is fonnd in the 
interior of the bone itself. 

6. The Spinal Column (p. 13).— The spinal column is composed of «er- 
tebrm, which yertebrsB are themselves formed of a solid body and a ring or 
arch. 

7. The superposed rings of all the vertebrte form a sort of tube, called 
the apinal canal, which communicates with the cavity of the skull. 

8. The dorsal or thoracic vertebrao bear ribe, united in front by the 
eoatal cartHcigee and the atemum. The kind of cage thus formed is the 
thorax, 

9. At the lower part of the spinal column, five vertebne, closely united, 
form one single bone, the tacrum, which is attached to the bone of the 
pelvie (haunch). 

10. The Sknll (p. 14). — ^The skull is placed at the upper extremity of 
the spinal column. 

11. In the skull you can observe the orbita for the two eyes, the cavities 
of the naaal chambera, and, underneath, the two jatoa bearing teeth. 

18. The upper jaw, intimately united with the skull, is fixed ; the under 
jaw moves up and down. 

18. Bonei of the Limbs (p. 15). — ^The bones of the upper limbs are 2 
the humerus, which passes from the shoulder to the elbow ; the radius and 
the ulna, from the elbow to the wrist ; the carptu, which comprises the 
wrist-bones ; the metacarpua, which comprises those of the palm of thet 
hand ; and the phalangea, or bones of the fingers. 

14. The elbow is formed by the extremity of the ulna. 

15. The humerus (arm-bone) articulates upon the scapula, or shoulder- 
blade, which is placed behind upon the thorax, but without being attached 
to the spinal column. 

The scapula is supported by the clavxeU (collar-bone), which extends 
from it to the atemum (breast-bone), to which it is solidly fixed. 

16. The bones of the lower members are : the femur, which extends 
from the haunch to the knee; the tibia and fibula, which extend from 
the knee to the ankle ; the taraua, which comprises the ankle-bones ; the 
metataraua, which comprises the bones of the sole of the foot ; and the 
phalangea, or bones of the toes. 

17. Besides all these there is still another bone at the knee, called patella, 

18. The two femora articulate with the pelvia (haunch-bone), which ex- 
tends to, and joinsy the aaerum (lower extremity of the spinal column). 
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19. Joints (p. 17). — Joints, or articulations, are those points at which 
two bones that play on each other come in contact. 

80. To assure the solidity of the joints, there are bands or ligamentt 
which go from one bone to another. 

81. When a bone has been fractured there forms between the broken 
ends a substance called callus that firmly reunites the two portions. 

88. A sprain is occasioned by the distending or rending of these liga- 
ments ; when any two bones are forcibly disconnected a dislocation is the 
result. 

88. In order that the spinal column may not grow distorted, improper 
habits of position must be avoided while we are young. 

84. Mnseles (p. 19). — Muscles, commonly called JUsh or meat, are 
masses of red filaments or fibres fixed to the extremities of the bones, 
and having the property of eofttracting or shrinking. 

Instead of being nxed directly on the bones, they are attached by means 
of tendons or sinews, a sort of cord, white and firm. 

85. It is our muscles that permit us to move our arms, legs, head, jaws, 
lips, cheeks, eyes, etc. 

86. When we stand upright, it is the contraction of muscles that pre- 
vents the body from bencung. To stand, then, is not to rest. 

87. To lift your arms, to open your mouth, etc., are voluntary mbvements ; 
but there are movements which are to a certain extent both voluntary 
and involuntary, such as winking, for example ; others, again, are always 
involuntary, such as the beating of the heart, or the contracting of the 
stomach. 

88. The proper development of the muscles requires regular and sys- 
tematic exercise. 

[Simple SiiJffsets for composition are to be found at page 68.] 

II.-NUTRTTION. 

23. How, and why, do we eat ? We are all aware that we 
take food, that we d'^eat it, that we absorb a part, and that 
we eliminate the rest. But how does all this work go on, 
and what is the use of it ? 

1. Digestion. 

24. We procure food, we put it in our mouth ; when this 
food is of little bulk, or when it is liquid, we swallow it im- 
mediately ; when it is too big for this, we chew or masticate 
it, in order to break it up. 

26. Teeth. — The process of mastication is accomplished 
with the help of the teeth, that cut and masticate, and the 
TONGUE, a muscular organ,very active and easily moved, that 

How is mastication performed? 



ooDstantly bringa the food under the t«eth, and rolls it into a 
Bort of ball when ready to be swallowed. 

There is great variety 
in the shape of teeth (Fig. 
31): in front they are 
sharp, utcMor teeth A ; on 
the sides, pointed, camtte 
teeth B ; behind, grinders, 
molar teeth C. I have, or 
rather I ought to have, in 

,t . I ■ i ivTered mna QbCDVeJiQa Dy ue Bona. 

my mouth in each jaw, 4 ^ Inctaors- B, anLnw'c m'lan. 

incisors, 2 canines, 10 mo- 
lars, altogether 32 teeth. You children when younger than 
seven years had only 20 in all, having but 4 molars in each 



WSB^ ^tsttti 







1^0. as.— A e»l^ 



jaw. Yon afterwards lost these, and yonr teeond dentition 
began. 




Tio. as.— Teeih of mu. 
or Iha tooth CDTond irllb Itoit. 
bng or the loolli, Impluilsd In lbs nckst of tbs fiw. 



What m Uw dllTatv 
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The number and sh&pe of teeth vary greatly in the dif- 
fereat groups of animals. Those of the cat (Fig. 32) differ 
from those of the sheep (Fig. 33) and those of the rabbit 
(Fig. 34). Bat they all have eBsentJally the same compo- 
sitjoa. They are all composed of ivory, and planted by ooe 
or eeveral roots, B, B' (^g. 35), into pits or alveoli of the 
jaw. The part A that protrudes from 
the jaw-bone is covered over with en- 
amel, a transparent substance harder 
thau the ivory. Inside the tooth is a 
{ cavity into which run tiny blood-ves- 

Belt and TierEa. 

When it happens that the enamel is 
destroyed, the ivory decays and spoils 
very easily, a hole ia formed, and the 
_^ tooth decays. If the hole reaches the 

Tn, M.—A, vUniT gimnds. Cavity in which the nerves are lodged, 
it causes acute pain, as almost every- 
body unfortunately knows from experience. 

26. Saliva. — Th^ mastication of the food is facilitated b; 
an outflow of taiiva, a fluid formed in the SAUVABT qlandb 
A (Fig. 36). 

The name gland is given in phyuol*^ to organs that 
tecrete, — that is to say, that make and ^ve out particular 
liquids or products : thus, t«ars are formed in the lachTymal 
gland», sweat in the sudoriparov* glandt. The saliva runs 
into the mouth by several small openings, some of which are 
under the tongue, near its root, and are very easily seen, 

27. Beg'latition.— When the food has been properly masti- 
cated and mixed with saliva, the tongue guides it to the open- 
ing of the throat, where by a muscular contraotioD it is seised 
and swallowed. This operation is called deglutilion. 

28. Alimentary Canal. — The food then descends a sort of 
tube A (Fig. 37), called lESOFBAaus, situated in front of the 

Of whitnuUrUnreleethromisdl How >n the; ptuea t With vhst lUterUI 
lilhesxpoHdiMrtof UwtHlhcoiendt Whutli found in lb« aTHr of the tooth T 
WhenJBitiereBiHliinilMDHtluDl By nlul liquid igmiHllcUhiD tUilltMHlI To 
whMorgam li ths nrnie glimd given In physiuloKf 1 Name nuu of lbs gluidt. 
Howdo»Ih>iitl»anUrthemoutht Whu K desluUIIoD I WhU be»u« ot tha 
KxKi u loan u ■valloHcd I 
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vertebral oolamn ; therein it traverses the whole aeck tati 
breast and arrives at the btohaoh, G. This tube is of course 
very loDg in long-Decked animals, and it is quite easy to see 
the food passing down 
in the neck of a horeo 



kind of poifch (Fig. 
38), capable, in man, 
of holding between 
two and three pints. 
From it the food pass- 
es into the small in- 
testine, another tabe, B 
about the thickness of 
one's thumb, and coiled 
on itself a great nnm- 
,ber of times. This 
leads into the LABQE 

INTKBTtNE, F, which 

carries off and expels 
the useless residue. 

These intestinal ca- 
nals are surrounded 
wiUi mnacular fibres, 
which by their oontrao- 
tions force the food 
from one end of the 

alimentart/ eatud to Fio. ST.— tiw orgsn* of the cbMt *nd iiKlompii, 
the othw,— that is, »i«««"»'"'">^P''»«°.'"°'^t^i-^ 
from the mouth to the ^-^MS-'IlS! | f, S^L'i«H». 
lanie intestine. piugni). a. unr. 

° _ K . . B. beui. H, pukcnu. 

29. DlgSStlTe C, itonuch. I, smiLlI Integllne. 

Jniesi. — But this is "■■p'""- ' 

not what is most curious or most important in the digestive 

operation. 

WhU nuj ba otiMmd In tha mllmsnUtion of imtmli with Inng dscIuT About 
Mumuht Iil£rdlg;«tinaulcDm]i«edor Inerttntaal 
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Not only does the food make its way through the aliment- 
ary canal, but the nseful parts are dissolved and transformed 
into new substaoceB in this canal by the action of liquids or 
juices that are furnished by varioas glands as it passes along. 
The first of these 
juices, and a very im- 
portant one, is the 
tcUiva. If any of you 
hasever chewed a bit 
of bread for a good 
nhile, you may have 
observed that after 
some time the bread 
acquired a sweet 
taste. 

And this is not aa- 
toaishing, for saliva 
has the effect of . 
Iram/ormmg bread 
into SUGAR, or, to 
speak with more pre- 
cision, saliva con- 
verts Jhar Of ttareh 
into gugar ; it is of 

whether this starch 
or flour be made from 
wheat or potatoes or 
peas, et«. 

The coat of the 

stomach is covered 

'"'■^•.Z'^S^'^ h' "" ;i?* '"^^S'-iT^ with minute glands, 

»r»tBdbj tho dt»phrHgm(A), «eenIhHii the front „ i . i " ■ ■, 

B, heBit. I F, targa intMtine. irom which a consid- 

c, ituinicii. o, iifor. erable q uantity of 

juice called QASTRtO 

jriCE (from patter, stomach) oozes out, drop by drop. Gat- 

I>o« ft* fliod only !*(■ Ihrongh the dlgMttTe tube 7 Nudb one of thodlcMtlTe 
In™. Wh«l_i.llie.ifleMof»llv.I KrniM the Juico wcreted by tlio rtomBh. Wh« 
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trie juice dissolves meatj white of egg ^ and in general aU animal 
matter except fat. 

The walls of the small intestine are furnished all over 
with small glands from which oozes a juice capable both of 
transforming into sugar all floury or starchy matter, and of 
dissolving all the meats that have escaped the action of the 
saliva and the gastric juice. Another gland, almost as big as 
my fist, known under the name of the pancreas, furnishes 
a juice which also acts upon meat, and upon floury and fatty 
matter. 

There is also a large gland called the liver, G, lodged at 
the right side of the abdomen near the stomach. This se- 
cretes and pours into the small intestine the greenish-yellow 
bile : at the same time the gland effects important changes 
in the blood itself. 

30. The Purpose of Digestion. — In short, you see that the 
purpose of digestion is to dissolve thefood^ and so change 
it as to render it fit for use in the body. 

2. Absorption. 

31. Blood the Dispenser of Food. — But why all these 
processes ? It is because our food, in order to be able to feed 
and nourish us, must PASS through the goats of the intes- 
tine and enter the blood. Of course if the food remained in 
a solid state this would be impossible. 

If the food simply passed through the alimentary canal, it 
would be of no use to the body : one might almost as well 
have it in the hollow of the hand. For the skin that covers 
over aM our body enters from the lips and lines the whole ali- 
mentary canal. Only from the lips inward the skin loses the 
appearance it has outside the body and becomes more tender 
and pulpy : in this state it is called a mucous membrane. 

The dissolved food must pass into the blood, and be 

What is the office of the glands that are found all along the small intestine? 
Among these glands, name one that is nearly as large as the fist.. What is the 
Itinction of the liver f What is the purpose of digestion ? Why all these processes ? 
Does the food produce any useful effect as long as it remains in the digestive 
tube ? What name is given to the skin that lines the interior of the mouth ? In 
what condition does the food serve to nourish us ? 

21 
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carried by it to all the p&rta of tbq body. For, as you well 
kaow, there is blood everywhere in your body: you may 
priek yourselves no matt«r where, with the fiaest of needles, 
a drop of blood will alwaya be forthcoming. 

32. Hyg^MM of Dipeation. — The eoienoe of the conditions 
under whioh the body is kept in good health is called hygiene. 
When a tooth is put in vinegar it dis- 
solves, just as we nave seen is the case 
with bones. Now, there are formed in 
the month, especiaJly when one is not 
well, adds that gradually dissolve the 
teeth. These then become decayed, or 
caried, as it is called, and great pain 
frequently follows : it is then neces- 
Fia. SB.— GuJoiu tooth, sary to go to a dentjst. By brushing 
the teeth at least onoe a day, and care- 
fully rindng the mouth after each meal and before retiring 
at night, one may avoid many a toothache. 

/( u earner to prevent gichiesi by attention to hygwne than 
to care it hy medicine. 

We may escape from very many sicknesses by regulating 
our meals, eating only those substances which are wholesome, 
and never eating too much. Eating too much brings on in- 
d^estion, with its disgusting accompaniments. Eating un- 
ripe fruit often causes colic, as those severe pains in the in- 
testines are called with which you are probably acquainted. 
But the continual overloading of the stomach or eating of 
unwholesome substances does more than produce temporary 
inconvenieuce : it deranges the stomach and intestines, and 
brings on dyspepsia. Then good-by to tranquillity and good 
humor ! He who has dyspepsia renders those around him as 
unhappy as himself. 

You know that certain foods are furnished by animals, 
such as meats, eggs, milk and its products ; these are called 
nifrogemyia or animal foods, and are especially adapted to 
building np the tissues while we are growing or recovering 



lecay or the tMtb r HowmsTlhli benoMed; WhM ia lifgK&e 7 
ij ikftn>g«m>uB food r 
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from sickness. Most vegetable foods are fariruiceaus : such 
are bread and potatoes. Some vegetables, such as beans and 
peas, are nitrogenous, and fat, although derived from animals, 
is not nitrogenous. Farinaceous and fatty foods are adapted 
to the production of animal heat. 

The food, especially meat, should be well cooked; it is 
then more digestible, and the heat of cooking destroys certain 
little living beings that sometimes exist in the meat, and that 
might give us severe diseases. It is because of the presence 
of these little beings that it is imprudent to drink impure 
water, especially in summer, without previously boiling it 

Typhoid Fever. — This leads me to speak of the danger of 
drinking water from wells or springs that are not far removed 
from privy-wells. All the liquids from such privies pass 
through the soil and poison the water in neighboring wells, 
and those who drink the water of the wells run the risk of 
typhoid fever. People are afraid of cholera, but the victims 
of typhoid fever are much more numerous. 

Poisoning. — The stomach is not at all intelligent, and it 
absorbs all that goes into it, — the bad as well as the good. 
Food, useful medicine, and deadly poisons such as arsenic 
are absorbed without distinction. 

When by accident a poison has been swallowed, the person 
should be made to vomit as soon as possible while waiting for 
the doctor, for it may be that all the poison has not been 
absorbed, and that there is still some of it in the stomach. 
The most simple way to bring on vomiting is to make the 
person drink a great deal of warm water^ and to tickle the 
back of the throat with the finger or with the barb of a long 
feather. 

There are no antidotes capable of counteracting all kinds 
of poisons, but there are some things that are useful in a 
great many cases, and that can always be given without 
danger. Among these are milk and the white of egg. 

Medicines. — Those medicines that bring on vomiting are 
called emetics; those that increase the quantity of liquid secre- 



What ia meant by farinaceous food ? What ia the danger of drinking impure water ? 
How may Tomiting be brought about ? What is an emetic ? A purgative ? 



36 ANIMAL PHTBIOLOGT. 

tion in the intestines are called purgcUtves. Then there are 
others that are useful to cure diarrhoea. Stimulants increase 
the activity of the organs, and narcotics diminish this activity 
especially in the case of the nervous system, which we will 
study presently. When the organs are excited to increased 
action there is, of course, an increased wear on them, and the 
stimulation is followed by depression ; continued stimulation 
consequently results in a diminished vigor, an enfeeblement, 
of the body. We can thus understand how the continued use 
of alcohol, which at first exerts a stimulating influence on 
the digestive organs, impairs the health of the alimentary 
system, preventing the digestion and assimilation of the food, 
and so interfering with the health of the whole body. Tea 
and coffee, also, are stimulants, and their too abundant use 
is frequently followed by derangements of digestion. Nar- 
cotics, such as opium (see § 63) and chloral, which are valu- 
able medicines, and tobacco, while their immediate action is 
on the nerves, exert also a powerful influence on the diges- 
tive organs, interfering with all the processes of digestion. 

When any medicine is necessary you should always go to 
the doctor, and pay no attention to the advice of those who 
pretend to know everything, but who really know no more 
than yourselves. 

3. Blood and Circulation. 

33. Blood. — Were I to ask, What is blood ? you would 
all answer, It is a red liquid. And indeed it looks so. But, 
in reality, hhod is a yellowish liquid in which floai a countless 
number of tiny red bodies called corpuscles. In a cubic line 
there are about fifty millions of these little bodies (Fig. 40). 
Small though they are, they are so very numerous that it has 
been computed that were all the corpuscles contained in the 
blood of one man (about a gallon and a quarter) to be laid 
close in a single row end to end, they would form a chain long 
enough to go four times round the globe. 



What is a stimulant? Why does the continued lue of Btimulants impair the 
health? What is blood? 



OF THE BLOOD. 



34. Coafnlation of Blood. — When blood ia dravra from a 
blood-veBsef and left in contact with the air, it coagulates; 
that ia to say, it ourdlea into a jelly-like mass. 



id, Fio. *l.— Small b»noh« of i 

■ tniorDKOpii.' A, utei? ; B, ? 

After a short time the more solid part thickens and shrivels 
up nutil it becomes a sort of dark-red clot, which floats in a 
yellowish liquid called s^ian. 

This curious property of blood is of very great importance 

■ indeed : if the blood did not coagulate, the least cut or wound 

wonld bleed uutil complete exhaustion took place, whereas 

coagulation stops up the opening of the vessel, hinders the 

outflow, and allows the blood to go again on its regular course. 

35. Cironlatioa of Ute Blood. — Blood is contained in fine 
tubes or vessels that form a compHcat«d net-work all through 
the body. In the chest, a little to the left, is the heart, B 
(Fig. 37^, a aort of pouch, or rather a hollow mmcle, that con- 
tracts with regularity, expelling the blood it containa. 

The blood is brought to it by veins and is carried ont by 
arleriei. The arteries branch off into smaller and smaller 
branches as they approach their destination (Fig, 41), and 
they terminate in very fine tube-* called ctPiLLAar vessels, 
thus named from the Latin word cipiUus hair, although they 
are much finer than the finest bair These capillary veueh 
put the arteries in commvniciUwn with the veim (Fig. 42), 

WhM It the function of Ihe heart? How ta the Wood taken lo the hButt Bj 
whjit U U QLnied out of the heart? How do the TeLiu and arterfefl tormlnatef 
What haTe the aplUary Tenela lo do? 
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dina permitting what ie called the cmciTLATlOM OF THE 
BUOOO. The Tcina, unlike the arteries, carry the hlood back 
to the heart, and unite to fonn larger and larger trunks as 
they approach that organ. The 
blood flows with great rapidity 
from the heart through the arte- 
ries into the capillaries, thence into 
the smaller veins, then Into the 
larger veins, which bring it back to 
the heart: all this couree is gone 
through in half a minute. 

The walla of teins are thin and 
flabby, so that when cut open they 
have a tendency to fall together, 
thus causing the opening to close: 
therefore, unless the wounds have 
opened the large veins of the thigh, 
or those of the armpit or the neck, 
but little danger is incurred. 

On the contrary. Arteries are 
r^id and ivhe-Uke, and when one 
is accidentally cut, the blood bursts 
forth with such force that it some- 
times springs three yards o&^, caas- 
ing hemorrhoffea (from the Greek 
haima, blood, and rhago, to burst), 
ria. 4a-ciKiiiMLon of blood. which would soon prove fatal if 
h Sf?^ J ... ^ tbe open artery were not bound 

B, ori^ of tbs Boru. up m time. 

S ^SiSrio^'^™;^. This property of arteries allows 

d', utorior lena cavit. the blood under the impulsion of 

' ' £dM». "^ ™ " ° the heart (generally about once 

every second) to prodnce the dioela 

one can easily feel when the arteries are near the skin, as at 

the temples and the wrists : this is what doctors call the pvUe, 

What conree do«i the blood take In going through the bodyt How long a Hdw 
theooitioftheanerlin? What niBlli from tbe liclditT of tlie uteiin t WliatDuitg 
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Of all that I have been telling you about the blood, what 
I most desire you to keep in mind is this : there is a girgula- 
TION caused hy regular contractions of the HEART, and result- 
ing in the forcing of the blood from the heart along the arte- 
ries to the captUarieSy and from these through the veins back 
again to the heart. 

This is all we have to say on this subject at present. 

4. Oxygenation. 

86. I have already told you that, after having been re- 
duced to a liquid state, the nutritive matter passes into the 
blood by a very curious mechanism, and that the blood then 
carries it off and distributes the needful share to every part of 
the whole body ; whai remains after this distribution is de- 
stroyed, or rather consumed, burned up in the blood itsdf 

This seems to astonish you. I think I can hear you say, 
it is really not worth while putting food in the blood merely 
that it may be destroyed I Besides, how could it be con- 
sumed, or burned? there is no fire in the interior of one's 
body. 

Ah I hut there is fire in the body; not a big raging fire, cer- 
tainly, but a gentle fire, producing neither flames nor smoke. 
And the proof of this is, that we have (when I say toe, I in- 
elude with us mammalia and birds), as I have already said 
and shown you, an internal heat of 98 degrees Fahrenheit, a 
temperature much higher than that of the surrounding air. In 
the depth of winter, or in the icy regions of the North, when 
the outer air is 50 degrees below the freezing-point, when the 
very mercury freezes in the thermometer, man sHU retains his 
USUAL TEMPERATURE. You SCO, then, there must be some 
internal fire that keeps up this heat. 

But, you ask me, what can produce this fire ? What pro- 
duces it in the stove ? — ^^ The coals we put in it." — Of 
course ; but is it the coals alone ? Ah ! this puzzles you. 
What do you say? — "Why, air is necessary: if you close the 

What muat be remembered about the circnlation of the blood? Where do natritiTe 
matters pass when liquid? What does the blood do with one part of this? What 
becomes of the other part ? What proves that an internal fire is kept up in the body t 

16 
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little openiDg under the fireplace, the fire will soon die out." — 
Quite right. What, then, makes the coal bum? Eemember 
your lessons on chemistry. — " It is the oxygen of the atr." 
— Very well answered. And what is then produced, that 
escapes by the chimney along with the smoke? — ^^ Carbonic 
add gas^ and sometimes ea/rhonic oxide" — ^Exactly so. Well, 
this is just what goes on in our bodies. 

. The aliments are hwmed by the oxyqen of air ; oabbonig 
ACID M aha produced^ but never carbonic oxide. Let us look 
more closely into this; for really the thing is important 
enough to claim all our attention. 

6. Breathinsr. 

S7t In the first place, how does the air enter the body ? — 
" By the mouth," — ^What do you say? — ^^ By the nose." — You 
are both right, as regards mankind and some other animals. 

The real respiratory passage is the nose: the horse, for in- 
stance, breathes only by the nose, never by the mouth. 

And where does the air thus introduced by the nose or the 
mouth pass? — " Into the chest." — That is true, but you would 
better say into the lunqs. 

38. Lungs. — You all know what lunos are like ; they are 
what butchers call lights. They are often sold as food for 
pussy, who is said to be extremely fond of the dainty. I am 
very sure were these good people to ask pussy's opinion she 
would much prefer meat, for the lights are a spongy morsel, 
hard to chew, and containing, after all, little besides air. 

See, as we have still our dead rabbit, we will just look how 
the lungs are arranged. The housewife may not be very well 
pleased, but science is well worth some sacrifice. 

With a pair of large scissors you see I cut away part of 
the right and left ribs, and thereby the cavity of the chest is 
laid open. You can see the heart A (Fig. 43), and on each 
side the lungs B and C, soft and flabby. 



Wh«l caiiMi fhe ooal to burn in a stoye? What is then produced? Apply ihi 
phenomena of oombnstion to our bodies. Which is the real respiratory passage T 
Where does the air go that we breathe ? What is the Tolgar name that is giTen 
lo.ltingi? 
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See here, alongside of the neck this tube D is streagthened 
from place to place bj gristly rings. It begins at the baek 
part of the throat, and communicates with the lungs : it is by 
this conduit that air reaches the lungs ; its name is Windfifs. 
I make therein a little slit, and blow into it through a straw. 

rH.43L~I blow iDto the windpipe D. ud IminedUUIjr tie Iimt*, B, 0, iwallwit, 



See how the lungs swell out with the air, which makes them 
look almost transparent. Whenever I leave off blowing they 
collapse, and expel nearly all the air they contained. 

You see, then, lungs are hollow organs, whose structure is 
extremely complicated. I shall cut off a piece presently, and 
you will see that it very much resembles a sponge, full of air, 
as I told you a little while ago. The fact is, that it is formed 
by a multitude of small tubes called bronchia, closed at their 
inner ends, and so intricately mingled and knit together that 
it is almost impossible to trace them out. 

39. The Larynx. — Such, then, are the organs into which 
the air penetratos. Before proceeding to examine how the 
air enters, I should like to tell you something about the 
LARYMZ and the voice. The larynx, which we can easily 
feel with our thumb and finger, in front of the neck A (Fig. 
44), is formed by an enlargement of the windpipe, whose 

Wbkt DUDS la ciTeD to (he tolie tbU l«wlii from the bottom of the throet to the 
Inogil An Uie InDgi ■olid or Sollnw orjBoit To iih»l nuiT thoj bo comimredt 
Wbil Dwnt is friitii to the tubee that fonu the luugi ) In wbU ii the loin piv- 
dnoedt Where la ttialujaiiltuMadl 
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two upper nogs have a greater development than the others 

and are ehaped differently from them. 

Inside there are two tightened 
folds A, B (Fig. 45), called vocal 
UgamenU or voetd cordi, that vi- 
brate and become sonorous when 
forcibly struck by air, thereby 
producing the sounds of the voice. 
These sounds are subsequently 
modified by their passage throngh 
the throat, and by the action of 
the tongue, cheeks, and lips, and 



B, ulndplps (UUDugh 
C,ff^p^ hollow po. 
1!» dJaphisgm (a thlD am 



:«. 




when thus articulated, as is said, they constitute speech. 

40. Berpiratory XoTemeatt. — Let us now return to the 
entrance of air into the lungs. How does it penetrate? A 
little while ago, I blew air through a straw into the rabbit's 
windpipe. But very evidently nobody thus acta upon yon. 

Examine yourselves, each and all of you (Fig. 46), by 
patting one hand on your breast, and the other on your abdo- 
men. Yon thereby verify what in fact you already knew, 
that, regularly, about fifteen times every minute, yon take 
breath, and in so doing yon make regpiratory movemmU. And 
you are also aware that these are double movements ; there 
being first INSPIRATION, afterwards expiration. 



' By »h»l are tbs nnudB of Ilia nolo* prDdooadT 
OwKKUDdtuticDlaudl WbMiire thetwomon- 



RESPIRATORY MOVEMENTS. 
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Fio. 46.— Respiratory 
moTements. At first 
there is iiupkration 
(the ribs are raised), 
then eawtraMon (the 
ribs are depressed). 



During inspiration, you feel your ribs raised and your 
chest widened out) while the abdomen swells as the air enters 
by the nostrils and passes into the lungs. 
During expiration the contrary takes place, 
the ribs sink down, the abdomen flattens, 
the cavity of the chest becomes smaller, 
and the air is expeUed, as if from a pair 
of bellows. 

As if from a pair of bellows I This is 
quite true. Air is drawn into the chest 
just as into a bellows, it is expelled also 
as from a bellows. See, here is a pair of 
bellows (Fig. 47) : I close up with a cork 
the hole B which generally gives entrance 
to air ; then I work the bellows as usual, 
and the air comes in and goes out by the 
pipe Adjust as it goes in and comes out of 
our lungs by our windpipe. 

Only in our body, instead of boards, there are ribs joined 
together by muscles covered 
over by skin, thus forming 
a sort of cage called the tho- 
rax. Do you see in our rab- 
bit what closes the cage be- |^^^^ A ^ 

low? (Fig. 43). 2^^^^^^^^^^"^ 

It is a thin flat muscle #P*l^^^ 

stretched across between the rio. 47.— The air oomee in and goes out 

thorax and the abdomen, and ^l^^i^i.'^^l^'J^" "" 

80 separating the lungs and 

heart from the stomach, intestines, pancreas, liver, etc. 

This muscle is called the diaphragm. When at rest, it 
forms a sort of arch (Figs. 38 and 43). When it contracts 
the arch flattens down; of course it thus gives greater ca- 




What Is the action of the ribs during inspiration? How is the abdomen infln- 
enced? What does the air do? What happens during expiration? What be- 
oomes of the air? Explain the respiratory movements as compared with the action 
of a pair of bellows. By what is the floor of the thorax closed ? What is contained 
in the chest ? What is there in the abdomen ? What is the muscle called that sepiip 
rates the thorax ftom the abdomen? 
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pacity to the cavity of the chest ; and this causes a swelling 
out of the abdomen, for the diaphragm in descending presses 
upon the intestine ; at the same time the air enters into the 
luDgs by the windpipe (Pig- 48), jnst as it enters into the 

bellows, and other muo- 

clea raise the ribs, en- 
larging the chest still 
more. The sum of all 
these movements is in 
tpiration. 

EhspiTalwii is simpler 
still (Fig. 49). The di- 
aphragm and the muscles 
that lift up the ribs cease 
I to contract ; the lungs, 
being very elastic, empty 
themselves and collapse, 
as I showed you in those 
of the rabbit, drawing 
down with them the 
ribs, and pulling up the 
diaphragm, which reas- 
sumes its arched posi- 
Fio. «. - A, iiupii*- Flo. 49.-A, eipin- tion. The air naturally 
Hon. Tb. riu. A Mjj.. Th. rii. B j^ espcUed, at least the 
greater part of it, the 
cavity of the thorax is diminished, and the abdomen becomes 
flat. 

You see the meckanigm, of regpiratian is not very difficult 
to understand. But yet it is not altogether so simple as I 
make it appear to you. 

41. Production of Heat. — I have thus shown you how 
the air, and consequently oxygen, manages to enter into our 
bodies. But I see you have something to say. 

" You said a little while ago that the oxygen contained in 
the air burns the matters in the blood, just as it burns the 
coal in the stove. The food has entered into the blood, aa 
you told us; but how can the air bum it there, since air cir- 
culates only in the lungs?" 



OXYQENATION AND BLOOD-OORPUSOLSS. 45 

That was the very thing I was going to explain to you, 
but I am better pleased to see that the question came from 
you. This question long remained unanswered, and the real 
explanation of the problem is very recent. 

I have already told you that the blood circulates all 
through the body. It must therefore pass through the lungs, 
cmd it drctdates cU such a rate thai aU the blood of the body 
passes through these organs in about half a minute. Until 
lately it was thought that the oxygen of the air consumed 
the materials of the blood during its passage through the hmgsj 
and that the furnace that keeps up our heat was situated in 
that particular place. But it was clear that if all the heat 
of the body originated in that spot, the lungs would inevitably 
have been COOKED, nay^ even reduced to ashes. After- 
wards it was ascertained thai when the blood passes Jrom 
the lungs it is cooler than when it enters theniy whilst evidently 
the contrary would have been the result had the internal fire 
been in the lungs. 

42. Oxygenation and Blood-Corpuscles. — The production 
of heat takes place in a very curious manner. You remem- 
ber I told you that the blood owes its rich red color to quan- 
tities of tiny red bodies or corpuscles. Well, these corpuscles, 
in pacing through the lungs, lay hold of the oxyqen of the 
air and CARRY it alcyng with them. Thence they penetrate 
into the utmost recesses of the body, even into the capillary 
vessels, and in the course of their journey they transfer to 
the organs through which they pass a considerable portion of 
the oasygen they possessed, for which these organs have greater 
need and affinity than even the corpuscles themselves. 

So it is ALL THROUGH THE BODY that the consumption of 
oxygen ta^kes place; consequently the production of heat like- 
wise takes ploAx ALL through the body. 

43. Carbonic Acid. — As you know, the consumption of 
oxygen causes the formation of carbonic add. This gas is 

Through what oigan does all the blood of the body pan ? Where was it beliered 
that the combiution of the materials of the blood took place ? What would be the 
oonseqnenoe of this? What observation has been made on the temperature of the 
blood leaving the langs? In what way do the corpuscles of blood act? Where 
does the consumption of oxygen take place? What gas is produced by the con- 
sumption of oxygen? 
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dissolved by the blood, and carried with it in the coarse of 
circulation into the lungs } there it mixes with the air, and is 
finally expelled at each expiration. 

44. Arterial Blood and Venous Blood. — Thus the blood 
which the heart propels through the body by means of the 
arteries is more rich in oxygen than the blood brought back 
from the various organs by the veins. 

And as it is to the oxygen that blood owes its bright red 
color, you can easily understand why the arterial blood is 
redder than the venous blood, which has a darker purplish 
tinge. 

On the contrary, there is of course more carbonic acid in 
the venous blood than in that passing through the arteries. 

45. Expired Air. — Thus, as you can easily understand, 
the air thcU has passed throtigh the lungs is by no means pure. 
Before entering the body it contained one-Ji/th of oxygen ; 
when expelled it contains only about one-sixthj the difference 
being made up by carbonic acid. You can easily understand 
that it must be unhealthy to breathe again the air thus al- 
tered ; and it is for this reason that it is necessary to open 
the windows, or ventilate, as is said, by some means or other, 
the rooms in which we live. 

Were an animal of any kind to be shut up in a tightly- 
closed box, it would certainly perish after having exhausted 
the oxygen of the air. Death would ensue more or less 
rapidly, according to the activity of its respiration, which re- 
quires a more or less rapid consumption of oxygen ; a frog 
will live under such conditions longer than a bird ; yet of 
necessity it also will die in time. In this case the creature 
is said to have been a^hyxiated. Asphyxia comes on very 
rapidly under water, because the only air one has for oxy- 
genation of the blood is the little contained in the lungs, and 
that is quickly exhausted. 

We will now leave this difficult and arduous part of our 
physiological studies, and proceed to that of sensations and 

What beoomeB of this carbonic gas ? What is the nature of the air that leaTes onr 
lungs? Why is it necessary to ventilate the rooms in which we lire? Wliy most an 
animal that is Icept in a closed box inevitably perish? What name is given to thia 
kind of death? 
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wiR, which are certainly extremely interesting. But before 
doing so, if any of you has a question to ask or a remark to 
make, I shall be more than willing to answer and explain. 
What have you to say ? 

46. Cold-Blooded AnimalB. — ^^ Please, there is something 
I cannot understand. You have been telling us how heat 
is produced in living bodies; I can easily understand thi^ 
in mammalia and birds, that have warm bhod; but reptiles, 
fishes, and all the small invertebrates, that have cold blood, 
do they also produce heat?" 

Yes, they do; for, as they breathe, they must consume 
oxygen and produce carbonic acid. But the production of 
heat in their case is so extremely insignificant that the tem- 
perature of cold-blooded animals rarely exceeds that of the 
surrounding air or water. They are cold when the sur- 
rounding element is cold, warm when it is warm. Gold be- 
numbs them so that they are sometimes unable to stir ; but 
under the influence of heat they become almost as lively as 
mammalia or birds : you know how brisk and nimble a lizard 
becomes after basking in the sunshine. For the same reason 
they consume but little food in winter, their organs being 
but little exhausted by action, for they scarcely breathe ; while 
in summer they bum their substance like warm-blooded ani- 
mals, and eat nearly as. much. 

In fact, it is not at all easy to give a satisfactory answer to 
your question. All I can say is that all animals breathe, 
even those that do not seem to produce heat. 

47. Aquatio Animals. — ^Is that all? No? Well, what 
do you wish to say ? — ^^ Please, animals that live in water, 
such as fishes and whales, how are they able to breathe ?" 

In the first place, you must not class whales with fishes. 
A whale, as I have already told you in the Natural His- 
tory, is a mammal, a warm-blooded animal. True, it lives 
in water ; but it breathes air, and comes from time to time to 
the surface for that purpose. 

As for fishes and other really aquatic animals, what they 

Do cold-blooded animals prodace heat? How is it that the temperature of cold- 
blooded animals rarely exceeds that of the surrounding air? What do fishes do in 
order to breathe? 
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breathe b air diuaioed in T&ter. For water contains air, and 
of this I will forthwith give you 
proof. I set on the fire a little pan 
with water in it (Pig. 60). Ab 
' Boon as the water becomes heated, 
yon will see tiny bubblee rise from 
the bottom of the pan to the sur- 
face; obseire that the wat«r is 
still far below the boiling-point : 
iheie are then bubble* of mr, not 

twng to tha nrion. ThsHus It w thi» air that JUftei breathe ; 
•a^Sio'ibairtur.''^ w"«»- fj^^ jjj^ proof IB, that they can 
live but a short time in water 
fVom which the air has been expelled by boiling. 

They breathe by means of ffiSt, or, more properly speaking, 
BKANcaiA (Fig. 51); that ia to 
say, stringy, floating filaments, 
into which the blood penetrates, 
and where it comes in contact 
with the ur dissolved in the water. 
Look at this gold-fish: yon can 
see it open its mouth at regular 
intervals, and at the same time 
lift up its gills; it thns makes 
F.B.si.-A,enk.n.i».ietth.rir tl>« "If dissolved in the water 
diiKiTed ip wuar pua thntnih pass over Its brauchla, jnst as 
MUKaS'th'tKir'w^"* " " you in breathing cause the at- 
mospheric air te circulate through 
your lungs. Yon see, that is very simple indeed. 

48. The S tilt — The skin envelops our whole body. 
Everywhere, except on the palms of the hands and the 
soles of the feet, it is covered with hairs, most of which are 
BO small that they can scarcely be seen. When the beard 
grows there are no more hairs on the ohju than before, but 
those which were there become longer and thicker. 

nlart Wlij do« > 
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The skin is fonned of two layers: that which is underneath 
is the true skin, or derm; that which is on the surface is the 
epidermis; this last is continually destroyed and reproduced. 

You who were ill some days ago and the doctor applied a 
blister y can you tell me what happened? — ^^ It made me better, 
but it hurt very much/* — Yes, but that does not teach us any- 
thing. How did the blister act ? — ^^ It raised a great bubble 
with water in it ; the doctor cut the bubble, and underneath 
it was all raw." — Very well : the bubble, or, as we call it, the 
blister, was formed of the greater part of the epidermis which 
was raised up and separated from the derm, and this last was 
raw and sensitive. Will you show us the place where the 
plaster was? See, it is still red, but it may be touched with- 
out hurting; a new epidermis has formed, but it is not yet as 
thick as the old one. 

The same thing happens when one is burned, as you 
probably all know by experience. In the disease known 
as scarlet fever, or after it, the epidermis comes off in large 
pieces ; sometimes that of the hand comes off like a glove. 

When any part of the body is exposed to continued fric- 
tion, the epidermis becomes thickened and hard, and so pro- 
tects the derm. This is the reason that working hardens the 
hands. 

On the surface of the skin appears, especially when one is 
warm, the perspiration that is formed in innumerable little 
glands in the derm, and it is important for the health that 
these glands of the skin shall act properly. There is also a 
sort of fatty varnish secreted by other little glands, and this 
it is that prevents the skin from being wetted all over when it 
is dipped in water. The fatty matter and the destroyed parts 
of the epidermis are continually accumulating on the surface 
of the skin, and this necessitates washings, baths ; in a word, 
cleanliness of the skin. Many skin diseases are caused by 
insufficient attention to cleanliness, and, besides that, the 
uncleanly person acquires an unpleasant odor. 

When the perspiration is profuse, as is often the case after 



Of what parts ii the skin formed ? Which portion ia seiuitiTe? In which portion 
are the sweat-glands and &i-glands7 

22 
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violent exercise or during the warm weather of summer, care 
must be taken to prevent sudden cooling by drinking ice- 
water or eating ice-cream, or by exposure to cold. For If 
the perspiration is arrested, colics, diarrhoea (affections of the 
intestines), a cold, pleurisy, or pneumonia (affections of the 
lungs), or rheumatism, may result. 

The best thing to do, if one has been thus chilled, is to 
endeavor to start the perspiration again by going to bed and 
taking some hot drink, such as lemonade ; or, if one is out of 
doors, by walking rapidly, so as to accelerate the circulation 
of the blood and bring up the heat of the body. 

SUMMARY.— NUTRITION. 

I. In nutrition two functions are to be considered : 1, DiossnoNy which 
diitolves the food so that it may traverse the intestines and enter into the 
blood. 2, ABSORPTION into the blood. 

8. Digeition (n. 28). — The digestion takes place in the digestive tube, 
with the help of the teeth and under the action of the digestive juices. 

8. Teeth (p. 20). — The mastication or action of chewing the food is ao- 
oomplished by the teeth, and aided by the tfmgue, 

4. A full-grown man has 32 teeth, 16 in each jaw : 4 incisors, 2 canines, 
and 10 molars. Until about the age of seven, children have only 20 teeth ; 
the difference is in the number of molars. 

5. Teeth are composed of ivory, overlaid with enamel. They are fixed 
in the jatos in holes, called alveoli, by one or several roots. In each tooth 
there is a cavity which serves as a receptacle for nerves and blood-vessels, 

6. Saliva (p. 80).— The grinding of the food is facilitated by the out- 
flow of saliva, a liquid formed by the salivary glands ; tears are formed by 
the lachrymal glands, and sweat by the sudoriparous glands, 

7. Alimentaxy Canal (p. 30). — The food passes down through the chest 
in a tube called the oesophagus, and reaches the stomach, 

8. From there, the alimentary matter passes into the small intestine, and 
finally into the large intestine, 

9. This system of tubes is called the alimentary canal, 

10. Digestive Fluids (p. 31). — The aliments are not only passed through 
the alimentary canal, but there they are also transformed, under the in- 
fluence of juices or fluids supplied by different glands. 

II. The first of these juices is the saliva, which transforms flour into 
sugar, 

18. The gastric juice secreted by the stomach dissolves flesh, albumen, 
and in general all animal substances except fat. 

18. The aliments which have escaped the influence of the saliva, and 
the gastric juice, are dissolved by the glands of the small intestine, of 
which the most important is the pancreas. 

What is the danger of suddenly arresting perspiration? 
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14. The liveVf another very important gland, situated to the right in onr 
body, is the organ in which bile is produced. The blood is purified in 
passing through the liver by giving off those substances which constitute 
the bile. 

15. AbBOrption (p. 33). — The food, rendered liquid, passes through the 
tissues of the intestine and mingles with the blood. The blood then carries 
it all through the body : this is what is called absorption. 

16. The hygiene of digestion consists in cleanliness of the teeth and 
attention to the quantity and kind of food taken. 

17. Impure water may produce typhoid fever. 

18. Medicines, including stimulants and narcotics, should be taken only 
on the advice of a physician. 

19. Blood (p. 36). — Blood is a yellowish liquid in which float an ex- 
traordinary number of very little red corpuscles. 

20. Circulation (p. 37). — ^The blood is sent all through the body by 
means of a hollow muscular organ called the heart, which contracts regu- 
larly : each contraction or beat sends out into the arteries a gush of blood. 

A, The blood is conveyed to the heart by soft tubes called veint, and 
leaves the heart by others much more rigid, called arteriet. 

28. All the arteries divide and subdivide, finally forming minute capil- 
laries ; these reunite to form larger and larger vessels, called veins. It is 
in all these that the blood flows or is said to circulate. 

23. Thus the blood passes from the heart to the arteries, from the arte- 
ries to the capillary vessels, from the capillary vessels to the veins, and 
from these back to the heart, and all this is accomplished by the impulse 
imparted by the heart after each contraction. This is what is called the 

CIRCULATION. 

24. The pulse, which one can easily feel at the wrist or at the temple^ 
is produced by the shock of the blood in the arteries, which, at these 
places, are quite near the skin. 

25. Oxygenation (p. 39). — The blood carries off the dissolved aliment- 
ary matters, and deposits a certain part of them all through the body ; 
the rest is consumed in the blood itself. 

26. This combustion maintains in our body a temperature of 98°. 

27. The factor necessary for this combustion is the oxygen contained 
in the air we breathe ; it produces the carbonic acid gas which is cast out. 

28. Breathing (p. 40). — ^The air we breathe passes through a tube 
called the trachea (windpipe) and penetrates into the lungs. 

29. The lungs are hollow organs; they are formed by a number of tubes 
called bronchia. 

80. About fifteen times every minute the chest, which is closed below by 
the diaphragm, expands, thus inhaling the surrounding air : this is the 
act of inspiration. Subsequently the chest lessens in capacity, so that the 
air is expelled : this is the act of expiration, 

81. By means of what is called the circulation of the blood, all the 
blood of the body passes through the lungs in half a minute ; the corpuscles 
of the blood lay hold of the oxygen of the air at each inspiration and carry 
it along with them to the utmost recesses of the capillary vessels. In the 
course of this journey they give up a great part of this oxygen to the 
organs they permeate. 

82. In this manner the oxygen is consumed all over the body, and not 
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in the longs only : therefore heat is produced likewise all through the 
body. 

88. An animal deprived of air perishos, cuphyxiated, 

84. The air which our lungs reject is not pure, for it contains carbonic 
acid : therefore it is necessary to yentilate our dwellings, — ^that is, renew 
the air in them. 

86. Cold-blooded animals also consume oxygen, since they breathe ; but 
the production of heat which ensues is so very small that the temperature 
of their bodies rarely exceeds that of the surrounding medium. 

86. By means of their gills fishes breathe the oxygen that exists dis- 
solved in the water. 

87. The skin envelops the whole body. It is composed of an inner 
layer, the derm, and an outer layer, the epiderm, which wears away and is 
renewed. 

88. The perspiration-glands are in the derm, together with fat-glands, 
and the products of these glands must be removed from the skin by 
washing. 

89. It is important that profuse perspiration should not be suddenly 
checked, lest colic, diarrhoea, a cold, or rheumatism result. 

[Simple Sniff 0ot8 for eompotUion are to be found at page 68.] 

IIL-SENSATION. 

49. You remember the simple experiment in wnich we so 
frightened the poor chickens by suddenly opening the win- 
dow. What enabled them to hear the noise of the window ? 
Their ears, was it not ? And how were they enabled to 
perceive your presence that so terrified them ? With their 
eyes, of course. And with what were they able to flee from 
the danger ? With the muscles of their limbs. And with 
what were they able to understand that they were menaced, 
and to command the movement that was to carry them to a 
place of safety ? Ah ! you are unable to answer this time. 
Well, I will tell you. It was with their brain. 

But the brain is in the cavity of the skull, the eye is in its 
socket, the ear is in a hollow of the skull, the muscles of the 
limbs are far removed in the lower part of the creature. 
What can put the et/e and the ear in communication with the 
brain, and the brain with the mtbsdes f 

60. Nerves. — Communica/tion is established by wJuU physi- 
ologists call NERVES. These nerves are exceedingly fine white 

How do the eye, the ear, and the musclee communicate with the brain? What are 
these nerree? 



SPINAL OOED. 

threads which pervade all 
parts of the bod;. Some 
carry to the brain the senta- 
tioiu that come from WITH- 
OUT, and their little branch- 
es are so numerous that it 
is impossible to prick any 
part of your skin with the 
Tciy finest needle without 
injuring one of them and 
without feeling a eensa- 
tion of pain ; others convey 
orderi of XOTIOH from the 
brain to the muscles of tlie 
whole body. 

The former are called 
8ENS0RT nerves, and the 
latter hotok nekves. 

SI. Bpiiua Cori— The 
nerves do not end directly 
in the brain. All those that 
exist in the body and in 
the limbs communicate with 
the 8PINAL CORD (Pig. 52). 
This spinal cord or marrow 
is, as its name indicates, a 
Bort of cord, externally of a 
whitish color and grayish 
internally ; it is situated in 

the canal of the vertebral Fw. si. A. iiwinedqiurj tKmL 

or spinal column, which ca- 'bm,u'bediMrib^iMdtoihauUKBDip 
nal is on that account oft«n d-?. ^'"I ""r*-, f"" T'"'':. '''='">"'! 

, , , the bod)' ind ILmbi take tholr rlM. 

called the medvUary canal BDcioHd in tta« ipioii ouikI. 
(from the Latin meduSa, J; JlllSSiia obioi>(»», fw™ -hich rh. w 

irrowV of the fKe uid bwd ulte. BO wall u t 

Between every two ver- htut ud lun^*' * "o'*"™ 
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tebraB there shoot forth, to the right and to the left, nerves 
B, each of which goes to some allotted part of the body. 

At C, in the lumbar region, the marrow tapers off to an 
end. In the superior regions at F it passes into the skull, 
swells out, and becomes what is called the medulla oblon- 
gata. The nerves of the face and of the head, and aho those 
that preside over the movements of the heart and of the lungs, 
arise from this medulla oblongata. This allows you to under- 
stand the extreme gravity of a wound in the medulla oblon- 
gata, and why a fatal issue is always inevitable in a very short 
space of time. For it checks both the circulation of thb 
blood and the bespibatoby movements. Into this medulla 
oblongata cooks sometimes drive a long pin when they wish 
to kill their poultry instantaneously, and this is what is 
wounded and even severed by dislocation when they strike 
the fatal blow close behind the ears of a rabbit. 

52. The Brain. — Almost the whole cavity of the skull is 
filled by the brain. It is a large pulpy mass, gray externally 
and white inside, and in mankind and in many of the mam- 
malia is covered over with sorts of folds called convolutions. 

It is in the brain thai INTELLIGENCE resides, that sensa- 
tions are perceived and ideas formed, and that will origi- 
nates. The more intelligence an anim^ has, the more brain 
it possesses. In mankind, when the weight of the brain is 
less than two pounds, the person who is so scantily provided 
is an idiot. If the brain is wounded, intelligence is weakened, 
and the sufferer, becomes mad or insane : this happens, also, 
after certain diseases. In some cases such wounds, how- 
ever, may heal, and the intelligence recover partially, if not 
totally. 

^ the brain be destroyed, no trance of intelligence wiU re- 
main. Such a thing has come under notice in the case of 
some birds whose brain alone was wounded, the medulla 
oblongata being uninjured. Being carefully nursed, their 
lives were saved, but both intelligence and vrUl had completely 

Between what parts of the vertebral column do the nerves pass out? What name 
is given to the spinal cord at the place where it enters the skull ? What nerves 
take their origin in the medulla oblongata ? Whv is a wound in the medulla ob- 
longata mortal? By what is the cavity of the skull filled? Of what focultj is 
the brain the seat 7 What happens when the brain is wounded T 
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disappeared. The brain gone, the bird will remain on its 
perch without ever having the idea of moving or seeking 
food. Nay, it would die of hunger beside heaps of food 
without ever thinking of eating; but if food be put into 
its beak it will unconsciously swallow and digest it as if 
nothing had happened. If flung into the air, it quite uncon- 
sciously spreads out its wings and flies right onward, until 
it meets with some obstacle or drops down exhausted. Birds 
in this condition have been known to be kept alive for months, 
their guardians having nursed them by putting food into 
their throats. During all the time they continued to live in 
this condition they never gave the slightest sign of intelli- 
gence or will. Let us now pass on to sensations. 

63. The Sense of ToncL — First, we may mention the yen- 
eral sensation of touch, which lets us know that some object 
is in contact with our body. All the surface of the skin is 
endowed with this ; also the lining of the mouth, of the nose, 
the eye, the ear, etc. Over all this surface are spread small 
branches of the sensory nerves, which, when excited, transmit 
the sensations they receive to the spinal cord, and thence 
to the brain, just as an electric wire transmits a telegram. 

When these nerves warn us that something has touched 
us, they tell us at the same time if we have come in contact 
with something colder or warmer than our body, and also in- 
form us approximately of the proportion of cold or heat : we 
have thus the sensation of temperature. 

Both these sensations — ^that of temperature and that of 
contact — ^are generally included under and expressed by the 
general name of feelinq or touch. 

Feeling can really be said to exist only when our intelli- 
gence ENTERS INTO ACTION in Order to make use of the 
sensitive powers of our skin. Generally it is with the hand 
that we touch or feel things. This five-armed compass, which 
man alone possesses, is a most marvellous instrument, not 
only with which to grasp powerfully or handle delicately, but 

What happens when the brains of certain animals are removed? On what parts 
of our body does the sensation of touch take place? To what is the sensibility of 
our skin due ? What other sensation is given us by the nerves that reach our bUa ? 
Witii what do we generally exercise the sense of tonch? 

19 
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also to giye a pretty accurate idea of the body it touches. 
See, here is an apple. I lay my forearm on it (Fig. 53). 
You will easily believe that were I blindfolded it would cost 
me yery much time and many trials to ascertain) by means 
of feeling with the skin of my forearm alone, that I had 
to deal with a rather hard, round, and polished body ; but 





Fio. 63.— With the forearm it reqniree time Fig. 64.— It gaffioee to take 
to perceiTe tliat an apple is a round, pel- it for an instant in my 

iihed, and resisting body. hand, to peroeiye all that. 

I should find out all those facts in an instant were I to take 
the apple in my hand (Fig. 54), because I should bring a 
great many points of its surface in contact with my skin. 

54. The Sense of Taste. — The mouth is capable of exer- 
cising a sort of feeling called taste. The substances we put 
into our mouth, if capable of melting or dissolving, produce 
particular impressions, known by the name of tastes or savors. 
Everybody knows about them, and we all understand what 
is meant by a sweet, or a salt, or a bitter taste. Some people 
spend their lifetime in efforts to satisfy this one sense of taste. 
The culinary art has been invented in order to satisfy it 
within reasonable limits ; and that very properly, too, for ex- 
perience has proved that, generally speaking, food which is 
agreeable to the palate is easily digested. The nerves of 
taste are most highly sensitive in the tongue. 

65. Sensations at a Distance. — But, setting aside the 
very limited notions which the sense of taMe furnishes to us, 
you see that touch tells the shape of bodies, their hardness, 
their polish, their temperature, and several other properties. 

This is undoubtedly a great deal ; but had we only that 



Name a certain Tariety of tonch, the seat of which is in the month. What name 
is giTen to the impressions furnished by the taste? 
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we should be rather poorly informed. Fortunately, even at 
a distance we can detect the presence of objects by smell, 
by HEARING, and especially by sight, which last alone might 
almost supply the place of all the others. 

M. The Sense of Smell. — The olfacUyry organ is the nose, 
or, more properly speaking, the wmqI chambers. These are 
two cavities A, B (Fig. 55) separated by a vertical partition 
C ; the cavities open in front by the nostril and behind into 
the throat D, opposite the opening of the larynx E. During 





Fig. 66. 

Section of the noee, seen from the firont. Section of the note, seen from the side. 

A, B, naeal chambers. D, back of the throat. 

G, vertical partition. B, opening of the larynx. 

respiration under ordinary circumstances the air passes by 
this channel. There are even some animals, as I have already 
told you, that breathe exclusively through the nose; and 
were the nostrils of a horse to be closed, that animal would 
very rapidly die from asphyxia, or privation of air. 

During inspiration smell makes us aware of the proximity 
of certain bodies which, for reasons as yet unknown, have 
the faculty of making impressions upon our olfactory organ, 
and are, as it is called, odorous. Unfortunately, as we have 
already seen in former lessons, some very noxious gases have 
no odor whatever, so that we might be poisoned by inhaling 
them unawares. 

57. The Sense of B,wm%,— Hearing informs us, as you 
know, of the existence of sonorous vibrations. It teaches us. 



Name the wnsee which at a didamct inform na of the presence of other bodies. 
What is the organ of smell 7 What do yon call the ekambtn of Ou wmt 
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moreover, to measure aad appreciate them, for with praotiM, 
and when one is particularly gifted, it is possible to di&- 
tinguish exceedingly alight Taiiations in sounds. We have 
already seen in phyaica that our ear cannot detect a aoimd 
unless the number of vibrations exceed 32 per second. 
Thia is the very lonxat »mind that can be heard by as ; the 
ki^hett ia produced by 76,000 vibrations per second. 

Vibrations coming from without can be transmitted to the 
ArDiTORT NEiiTE in two difiereQt ways : when we have to 



Fio. M.~8Mp jDDr two Fia. SI 
cleul; heu ths 'tick- IL 

deal with the vibratioaa of a solid body we perceive them by 
. simply laying the body close to our head. 

Come here, and stop up your ears closely with both hands 
(Pig. 56). I will put my watch against your forehead, and 
you will hear quite distinctly its tick-tick. Open your mouth 
now, and take the watch between your teeth (Fig. 57) : you 
will atill hear it very well. Now take this flat ruler between 
your teeth (iFig. 58) : I lay the watch upon it, and the result 
IS the same. 

lu thia last experiment the sonorous vibrations produced 
by the works of the wat«h have set in motion soccessively 
the watch-case, the ruler, the teeth, the skull-bones, the 
liquid of the ear, the terminations of the auditory nerve, 
and thence have reached the brain. 

But direct transmission auch aa thia ia very rare. In the 

.What doe* heuint tMCb wT 



SENSE OF HEABINO. 59 

great majority of oases sound ia produced by the vibratioDB 
of a body separated from ue by air. In this case it ia the 
vibrations communicated by the air to our ear that must be 
detected and heard. This requires considerable complication 
of the auditory organ. 

08. The component parts of the ear are, first the pinna 
A (Fig. 59). This external part is very much developed 
in animals of acute hearing, 
which turn and direct it so 
as to catch the greatest 
possible quantity of sound. 
The horse (Fig. 60), for in- 
stance, pricks up his ears, 
turning them towards the 
direction from which the 
sound comes. Our pinna 

is of but little importance f™, 6B.— AndiiotT iipp«ratn«. 

and almost motionless ; it is A, piniu. 
of some use, however, and ^ 11,™™ 
we turn it to catch the Vnop" 
sound, only the whole head '\i^i. 
turns along with it ; when ^i,,^^" 
the sound is not sufficiently 
strong, sometimes we even place our hand around the ear 
behind the pinna, thus making a sort of ear-trumpet. 

By the pinna, vibrations are gathered together and intro- 
duced into a passage B, called the auditory Uihe or vieatut. 
In mankind it is but a few inches in length. At its base C 
the vibrations come in contact with a sort of thin skin, stretched 
across the auditory passage, which it closes up : this skin is 
the membrane of t/ie tympanum, commonly called the drwm 
of the ear. This membrane is also set in vibration in its turn. 

Here we come to a very curious and interesting part of the 
auditory funotion. There is an interval of about an inch be- 



WhU auue la eiren Id the extemBl p>n at the eut What nune li glTen ts Uw 
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tweeu the membrane of the tympanom and the cavitj D fall 
of liquid, which has next to be set in motion. ThiB bony 
cavitj has an open- 
ing oloaed up by a 
Beoond outBtretobed 
membrane. 

Now between this 

last-mentioned 

membrane and that 

of the tympannm 

1^0. M.— TbebonedirMtthueu-iomrtithepoiotof there exists a chain 

onglD of the Biiiid. „ . , 

01 tiny bones or os- 
sicles E, and tbe ends of the chain are in oontaot with the 
two membranes. This arrangement allows the vibration of 
the membrane of the tympanum to be transmitted to that of 
the cavity, thence to the liqaid, and lastly to the auditory 
nerve G. 

In short, if we recapitulate we shall find that the sound 
takes the following course : air, membrane of the tym- 
panum, oBsioles, membrane of the cavity, fluid of the cavity, 
nerve. Thus the vibrations have passed Huooessively through 
gases, solids, liquids. You see what a complicated thing 
hearing is ; and yet I have omitted a great many very inter- 
esting details, 

59. The Senn of Big^ht. — Now let us consider the eye, the 
organ of sight, or vituai senaation. It is a most delicate organ, 
but it« mechanism is more easily understood than that of the 
ear, and I shall be able to show you all the principal part« of 
this Important organ with the help of this ox eye which the 
buteher gave me (Fig. 61). 

You can observe that it bears no little resemblance to vi 
egg the shell of which, although pretty bard, is not calcified. 
At the tip of this shell, you find this white string : it is the 
OPTIC NERVE, the nerve that conveys to the brain the impres- 
fflons made upon the eye by light; it penetrates, as you see, 
int« the eye ; and now we will follow it and ascertain what 
becomes of it. 

Indiala the o«in» tlw vibnllou mnat Uk*. WImt* dOM lb* optle Dura tai- 
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The outer ooat of tbe eje Ot b opaque, except in the 
front part A, vhere it becomes transparent so as to allow the 
light to enter. 

This transparent part is called the cornea. 

The light passea through this cornea A ; but before reach- 
ing the back part of the eye, and after having run through a 
little chamber B full of liqaid, it falls upon a sort of curtain 
C called the iris, which is stretched out and has in the centre 
an opening D called the pupil. Come here near the window, 
Henry ; and all of you stand around him and be attentive. 
Henry's eyes are blue; that is to say, the little curtain, the 
in$, is of a blue color. In the centre of the iris D you see a 
small round hole, quite black. That is the pupU: through 
it the light passes into the 

Now wait a little; I will 
close Henry's eyelid for a 
short time, then suddenly 
open it again. Did you 
obserre what took plaice? 
The little black hole was 
very large (Fig. 62) imme- 
diately after I lifted the '^%Si;r"7 Z'' "^ "' ^'^'™' 
eyelid ; as soon as the lieht ,_ "" °*''t"^^^"i, ,.,_., 

L j'.'ii. II A, trBMMrBnt com™. ?, rtieky liquid {»«- 

reached it It became small BiUiHiDrciiiunbsrruu r»ui bumor.) 
(Pig. 63). Now you see <^^''id("q'"™>»«'n. o.^giou rf u 
it is quite small, almost c, irii. 

a speck. Let us now go k] H7«taUlns Isna. 

to the farther end of the 
school-room, where the light is less strong. See, the pupil 
enlarges again. What does this mean? Oh, you will all 
easily follow the explanation. When there is but little light, 
the pupil widena out, so as to gather In as much as possible ; 
when, on the contrary, the light m strong, it drawi ittetf m, 



!• th« BDtJrs nnUr ut of tli« sje o|)W|iu ? Wh>t Dune la glTei 
Buent piirl! WhBl do™ the light meet with liter hiving Imtora 
Wlikt dudu ii Kiien Cu tba llKIs bola wblcb liln the IriiT When 
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allowmg only the necessary quantity to pass through, thus 
keeping the optic nerve from being fatigued, or dazsded. 




%^ 



Wia. 02.— 0, Irii; D, papU, Fi«. 63.— C, iris; D, pupil, 

laige in a dim light. miall in a bright light. 

There, we have seen how the light gets into the eye. Now 
we must follow it and see how it goes on. For this purpose 
the ox's eye (Fig. 61) will be most useful. Here it is cut 
open lengthwise. See, the globe of the eye is filled F with a 
sort of sticky but very transparent liquid. You can easily 
recognize the cornea A, and the curtain C of the iris. And 
now, just behind the pupil D, look at this rather hard, trans- 
parent body E, shaped exactly like a magnifying-glass : it is 

the CRYSTALLINE LENS. 

All over the back part of the interior of the eye is spread 
a sort of grayish membrane I, very easily torn. This is the 
RETINA ; it is formed by the termination of the optic nerve 
in the eye. It is this retina that receives impressions from 
the light, and on it the images of surrounding objects are 
formed. 

How can this take place? If you have kept in mind 
the experiment we made in the dark chamber you will have 
no difficulty in understanding it. We will, however, repeat 
it once more. Let us go into our dark room (Fig. 64). 
Here is a small hole B through which passes a ray of light. 
I place my lens C over this, and on the opposite wall D 
I fix a sheet of paper. After some focussing, we can manage 
to arrange things so that the image of the neighboring church 
is to be seen on the paper. You are aware of that. 

Well, the shutter A plays the part of the iris; the hole B 
in the shutter, that of the pupil; the lens C, that of the 

With what is the globe of the eye filled ? What is found just behind the pupil? 
What is the retina which lines the back of the eye ? In what way is the retina acted 
on ? Compare the different fiarts of a dark room with the diiferent pturts of an eje. 
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en/UaUine lent; the sheet of pttper D, that of the retina. 
Such is the phenomenoD of Tision reduced to ite most ele- 
mentary ezpreesioD. 



Fie. H.— Duk nnm. 
Th« ibattsr A li Uis Irk. I The IsnaCla tbecriitalllne luu. 

TlialMlfiBortheBbiitlwlith«i)a[dL | Tbenhsstof isper I> li ths nUn*. 

60. Short-lighted and Long-tighted Fenona. — In the 

course of our experiment you have observed that a distinct 
image vdos obtained ooly when I placed my sheet of paper at 
a certain distance from the shutter ; the paper was then, as I 
have already explained to you, in focus. When it was either 
too near or too far off, the reflected image was dim and hot 
very clear. 

Now, it sometimes happens that a person's eye is either 
a little too shallow or a little too deep. When it is too deep, 
the image falls in front of the retina, and the person whose 
eyes have this defect is said to he myopic, or ihort-nghUd; 
when, on the contrary, the eye is too shallow, the image falls 
behind the retina, and the person having this trouble is said 
to be preibi/opic, or bm^-gighled. 

Both these defects in the sight can he obviated by the use 
of spectacles, those intended for shortsighted people having 
etmeaue glasses, which move the image backwani, while long- 
wghted people require convex glasses, which bring the image 
forward. In each of these cases a distinct image is then 
produced upon the retina. 

The sense of sight is the most precious of all. It acquaints 
us with the shape and the dimensions of bodies, and lets us 

Wlwt nuns ti in'en lo penoBt who can iies o1|jM(g onlr when plucsd Dear the 
vjxl And CO thiwi who cuseevelUlmdiniinHDiilTT With whit kind of ipec- 
taclHii»DBar-glghudpiit»unUeTadt And longsighted t 
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know at what distance they are. It also gives ns notions of 
colors. 

61. False Sensations. — All this is undoubtedly very mar- 
vellous and admirable. Nevertheless the eye is by no means 
a perfect instrument. Nay, it would often lead us into error, 
did we not rectify by our reason the false impressions it 
sometimes gives us. In some cases, even, we cannot alto- 
gether correct them. I will give you an example. 

You have not forgotten the colors of the vpectrwm: violet, 
indigo, blue, green, yellow, orange, red. Let us single out the 
green, for example. Well, the same green may be obtained, 
that is, the same sensation of green, by examining the green 
of the spectrum alone, or by combining in due proportion 
blue and yellow. Likewise, we can artificially obtain a violet 
color by mixing together red and blue, and an orange with red 
and yellow. The eye is in this case completely deceived, 
and deceives us at the same time, for it does not enable us 
to detect the slightest difference between a maple and a com- 
pound color. 

62. Beasoning. — ^Were we in possession of sight alone 
we should fall into many more errors. But hearing, and es- 
pecially touch, help us to rectify our mistakes, tlpon the 
whole, all these different sensations send information to our 
brain, and enable us to form a pretty accurate idea of what 
is going on around us. Thereupon our brain reasons, and in- 
duces us to make use of all that is good for us, to avoid what 
would harm us, and so to act as to improve even nature by 
countless inventions and industries. A dog's senses are as 
keen as ours ; the sense of smell is in his case infinitely more 
acute ; and yet he cannot make use of all his powers for im- 
proving his situation or making progress, becatue he is not en- 
dovoed with sufficient ivUeUigence. Some people say that the 
cause of his inferiority is lack of hands and speech. But 
had he ten hands he could not utilize them as we do. And 
if he does not speak, it is because he is incapable of invent- 
ing words. Idiots have hands, and often they can speak. 



Why ifl man superior to the other animalaf 
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It it neither the hand nor the tongue that make» man what 
he it: it it hit mteSigeiux and hig brain. 

63. Hervoui Deran^menti. — I have already told you 
that those who paea their lives shut np in houses and offices 
are not often strong. Their muscles are not thick and hard, 
and their blood is not rich. But, worse than that, thoj make 
their brains and their nerves work too hard ; they fatigue 
their heads and become irritable, or nertxna, aa it is called, 
being excited to gayety or anger without sufficient cause. 
Sometimes, indeed, their brains become altogether deranged, 
wad are no longer able to act properly ; the persons are Uien 
insane, or hmatic. It is by no means true, however, that the 
professiona and sedentary ocoupationa furnish all the cases of 
insanity and deranged nervea. Nervous derangements are, 
unhappily, t«o common, and are brought about by various 
causes. 

A frequent source of nervous disease, and even of insanity, 
is poisoning by alcohol and tobacco. These substances are 
not foods, for they are incapable of sustaining life : they be- 




Tm. W.— Bs »bgr, ud 7011 will 



long to the aubstaaces called itimulants and nareotic» from 
their peculiar effects on the nervous system. Among stima- 
lants are incladed tea, coffee, alcoholic liquids, tobacco, and 



' Whmt laths eSKt of 



66 AMIHAL FHTSIOLOQT. 

opiam, which is a poisonous drug obtiuned from the popjpy- 

plant In some countries 

thia drug la used as a aort 

of atimulant ; those who use 

it rapidly become deprived 

of the powers of body and 

mind by the mischievoua 

actioD of the poison. The 

j effects of tobacco are due 

to an exceedingly violent 

poison J nicotine, which it 

contains in small quantity. 

Yon all know the terrible 

effects of spirituous liquors ; and one of the saddest results 

that they produce is the deatruction of the will-power which 

enablea man to control his actions. All etimulantB, even tea 

and coffee, are especially injurious during the procesaea of 

bodily growth, — that is, to children. 

Cerebral Conffeition. — When too much blood is supplied 
to the brain, headache and giddiness result; thia is called 
cerebral congestion, and ia not very dangerous. But aometimes 
the blood forces its way out of the amall blood-vessels in the 
brain, producing a cerebral hemorrhage. Usually in this 
affection the person loses the use of part of his body ; paral- 
ytic results, and sometimes death follows. While waiting 
for the doctor in cases of cerebral congestion, the head should 
be kept elevated and the clothing looaened, so that the cir- 
culation in the body may not be impeded. Clotha wet with 
cold water may also be applied to the head, 

SUMMARY SENSATION. 

1. F«rT«l (p. 62).— NERTEg are delicate white threads that pervade the 
nbole hod;. 
S. Some carry to the braia sensations that oome from withont-: these &re 

S. OthenooDve; orders for motion from the brain In the muBoles thMagh- 
ODt the whole bod; : these are motor ntnet. ■ ■ ■ ■ 

4. Bptnal Hbitow (p. 53).— The hpihai. uabbow or spinal eord ia a sort 

When an Mlmnlimls egpecialljr InjnriouT What li meant by ateb 
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of white cord hidden in the oanal that runs through the yertebral oolnmn, 
which canal is formed by superposed rings. 

6. At the spot where the spinal cord penetrates the skull, it widens and 
becomes what is called the medulla oblongata. 

6. The nerves of the body originate in the spinal marrow ; those of the 
head, together with those that rule over the movements of the heart and 
respiration, arise from the medulla oblongata. Iiguries to the medulla 
oblongata are inevitably fatal. 

7. The Brain (p. 54.) — The cavity of the skull is almost entirely occu- 
pied by the brain. 

8. It is in the brain that intelligence resides, there it is that eeneatione 
and ideae are formed, there also that voill originates. 

9. Injuries to the brain, if not fatal, entail a weakening of intellectual 
power. 

10. A bird may live although deprived of its brain, if all its wants be 
carefully supplied; it will inevitably die if any harm reach its medulla 
oblongata. 

11. The Seme of Touch (p. 55). — ^The general sensation of touch warns 
us when some object has come in contact with our body. 

12. This sensation can be transmitted by any part of the body, but more 
particularly by the hand. 

18. Tactile impressions are transmitted by the eeneory nerves, whose ter- 
minations are beneath the surface of the skin, to the spinal marrow, thence 
to the brain. 

14. These nerves also impart to us the knowledge of the temperature of 
bodies. 

16. In the mouth there exists the peculiar sort of touch called taate, 
which gives us impressions of tastee or eavora. 

16. SBniations at a Diitance (p. 56).— The sense of touch informs 
us only of objects with which we come in contact ; amell, hearing, and 
especially eight, tell us of what is at a certain distance from our body. 

17. The organ of emell is the nose, or, more precisely speaking, the 
ehambere of the nose that open into the throat opposite the entrance of the 
larynx. 

18. Hearing acquaints us with what are called eonoroue vibrations. 

19. The Ear (p. 57.) — The vibrations received by the pinna of the ear 
travel along the auditory tube, at the extremity of which they come in con- 
tact with the membrane of the tympanum and set it in motion. The vibra- 
tions of the membrane of the tympanum are transmitted by a chain of little 
oeeiclea to a second membrane, which closes up a cavity full of liquid. This 
liquid in its turn transmits the vibrations to the auditory nerve, which 
carries them to the brain, 

80, The ^e (p. 60). — ^The eye is a sort of globe, transparent only in its 
front part, called the cornea. Behind the cornea is a sort of curtain called 
the iris, which is sometimes gray, sometimes blue or brown, giving to the 
eye its peculiar tint. This curtain is pierced with a central opening, called 
the pupil, through which light enters into the eye, after having passed 
through a sort of magnifying lens called the crystalline lens, placed just be- 
hind the pupil. The light then passes through the transparent fluid which 
fills the globe of the eye, and falls upon the optic nerve, which under the 
name of the retina overspreads the interior surface of the back part of 
the eye. 
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SI* X^uoniiig (p. 04). — Had we only our eyes and the other organs of 
senses to direct us, we should be led into error in many oases. Our brain 
surveys all, howeyer, being called into action by our organs of sense : it 
reasons and teaches us to take adyantage of things that are usefuli uid to 
avoid those that would do us harm. 

28. It is neither the hand nor the tongue that makes man what he is : 
it is his intelligence, and his brain. 

88. Nervous derangements,. even insuiity, may result from overworking 
the brain and nerves. 

84. The same effects are frequently produced by poisoning by alcohol 
and tobaoco. 

SUBJECTS FOR COMPOSITION. 

lit Compofitloii (p. 11). — Composition and structure of bone. Of what 
use is the marrow of the bones ? 

8d Compoiition (p. 12).~What a vertebra is. The different regions of 
the vertebral column. The appendages of the vertebrsa of the dorsal 
region. The manner in which the ribs are united in front. Five vertebra 
united constitute the sacrum. What bone is supported by the sacrum ? 

8d Compoiition (p. 14). — By what is the skull supported ? The interii» 
of the skull and its communication with the vertebral canal. The cavities 
of the skull. The two jaws. 

4th Compoiition (p. 15).~The bones of the upper or fore limbs and of 
the hand. Which bone articulates with the humerus ? With which bone 
does the scapula^ or shoulder-blade, articulate f with which the clavicle, or 
ooUar-bone t 

6th Compoiition (p. 16).— The bones of the lower limbs. Upon which 
bone does the femur articulate ? To which bone is the pelvis attached ? 

6th Compoiition (p. 17). — Describe an articulation. What insures the 
solidity of an articulation ? When is a joint said to be sprained ? when 
dislocated ? Fractures ; how they become mended. 

7th Compoiition (p. 19). — Of what use are muscles ? In what manner 
are the muscles frequently fastened to the bones ? Muscular contractility. 
Muscles of the forearm. 

8th Compoiition (p. 23). — Show how it is that we should not be able to 
stand erect were it not for the help of the muscles. 

9th Compoiition (p. 24). — Voluntary movements, involuntary move- 
ments. 

10th Compoiition (p. 29). — ^The teeth, their names and their number. 
The different parts of a tooth. 

11th Compoiition (p. 31). — What becomes of the aliments in passing 
through the alimentary canal ? 

18th Compoiition (p. 32). — Part played by the saliva, by the gastric 
juice, by the intestinal juices, by the pancreatic juice. The liver. The 
aim of digestion. Hygiene of digestion. 

18th Compoiition (p. 33). — Part played by the blood. By what organ 
it is impelled through the blood-vessels. Arteries. Veins. Capillaiy 
vessels. Circulation. 

14th Compoiition (p. 39).— Into what do the aliments pass after digee- 
tion has liquefied them ? What becomes of them ? What mi^ifft^ins our 
temperature almost invariably at about 98^ Fahrenheit? 
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15th, Oompoiitioil (p. 40).— How does the air penetrate into our body? 
The lungs. Respiratory moyements. 

16th Oompotitioii (p. 45). — By what process is the oxygen of the air 
oonsnmed in oar body r Production of carbonic acid. 

17th Compoiitlon (p. 48). — How do fishes breathe ? 

18th Compotitlon (p. 53). — The brain. Spinal marrow. Medulla ob- 
longata. What happens to birds in which the brain has been destroyed ? 

19th Compoiitlon (p. 55).— Touch. Taste. Sensations produced at a 
distance. 

80th Compoiition (p. 57).— The nose. 

21it Compoiitlon (p. 57).— The ear. 

82d Compoiitlon (p. 60).— The eye. 

28d Compoiition (p. 64).— Man's intelligenoe. 

94lk Compoiition (p. 65) — Causes of nervous derangements. 

86tk Compoiition (p. 66).— Effects of the abuse of stimulants on the 
body. 
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64. Vital Acts are similar thron^hont all the Animal 
Kingdom. — ^We know how animals hve, how and why they 
eat and breathe, how they move about, how they feel, and 
how they show will-power. I say " animals,'' although I have 
scarcely spoken of any except the vertebrates, and chiefly 
of mankind, because in reality we meet with essentially the 
same phenomena in all. When a beetle flies, it setis its 
wings in motion by contracting its muscles, just as we do 
when we set in motion our arms, etc. True, the beetle has 
no bones aflbrding to its muscles a point of support, but 
its hardened skin answers the same purpose. A snail draws 
in its horns on being touched because it feels the contact of 
your finger by the mediation of a nerve, just as we feel by 
the sense of touch. When a butterfly that you try to catch 
looks at you and flies away to escape from you, it reasons in 
its little brain just as the chickens did when you frightened 
them. An animal may have four feet, or six, or two, or even 
none at all, it may feed on grass or on flesh, it may live 
hidden in a hole, or under the deep water, or it may soar in the 
open air above the clouds, the great question with it ever is 
to eat enough to replenish what its organism has used, to feel, 
to move, to will ; it is always a matter of stomach, muscles, 
nerves, and brain. 

We must now try to see how plants live. At first sight 
this study seems less interesting than that of animal life, be- 
cause plants have no power of locomotion, neither have they 
feeling nor will ; consequently they have no muscles, nerves, 
brain, nor sense-organs. But they require food, they grow, 
and in this respect they afford, as I will hereafter show you, 
even a still more curious study than animals. 

We will begin by what is most astonishing in our subject, 
—namely, the development, 

65. Germination. — Once more we will consider the ordi« 
70 
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nary bean (Fig. 68), that baa already been so useful iq onr 
botanical lesaons (see Botany) ; I will again show you tbe parts 
that compose this seed ; so we will in the 
first place take off the skin, which for 
na has no great importance. This dis- 
closes to you two fleshy masses A, B, 
the cotyledom ; between these you see 
the young plant C, with its radicle or 
rootlet below, ita tiny plumule above. 

Here is another bean (Fig. 69), in *■■". 88. 

which the radicle projects about an inch 
from the cotyledons D, E ; the stem 
B also has stretched out, and begins to 
unfold tiny leaves C, This bean has 
begun to SHOOT. 

66. ConditiODB necesBary for Qor- 
ninatioii. — Y^ou wish to know how 
this result was obtained. Some days 
ago I put the bean into a pot among 
some damp pounded bricks. The moist- 
ure swelled up the skin of the bean, 
soaked the young plant, which drought 
had kept asleep as it were, and thus 
awoke it. 

So the plant grew. 

MoiSTDHE, then, is an mdispensahle *^|^rminBtoif^n>«lnihfl 
eonditian of oekhi nation. When ?^ ^'^ toh^"i^ih" 
one desires to keep seeds for any length thiid to tiu oiygeu of 
of time, they must be carefully stored ji'Jl^'5l;_ 
in some dry place, otherwise they begin b| Btem. 
toshoot, Thatisa facteveryoneknows. n|i^™ijSoM. 

You must not conclude, however, that 
moisture alone suffices to induce germination. If it were 
winter, and if the bean, even moistened, had been kept at 
a temperature but a few degrees above the freezing-point, 
it would not have begun to shoot; at Ji/ly degreet FaAreit- 
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cavse it was IN AIB. 



heit the germination would have been but very slow. But 
it is spring-time, the thermometer of the school-room indi- 
cates 68 degrees Fahrenheit ; therefore the germination has 
gone on rapidly. Besides moisture, then, a certain decree 
of HEAT is necessary in order to allow seeds to germinate; 
and the greater the heat, the more rapidly do they shoot up, 
— this in a moderate measure of course : it would be quite a 
mistake to have them cooked, if you desire them to grow. 
This is not all. The bean I show you began to shoot be- 

Had I put it under water it would not 
have done so, even had it not lacked 
heat. It requires, then, air also. And, 
as you can easily imagine, what it re- 
quires from air is oxygen. It can per- 
fectly do without nitrogen, but it greedily 
absorbs the oxygen, it breathes oxygen, 
and gives back carbonic add just as an 
animal would. 

See, here is a closely-corked glass 
bottle (Fig. 70), into which I a few 
days ago put some barley-seeds moistened 
so that they might shoot. They have 
grown a little, as you see, then died be- 
Fio. 70.— The flame goes cause all the oxygen that was in the bottle 

Sleoxr^nln't^^S «'«» exhauOed. See, here is the proof 

of what I say. I set fire to this bit of 
straw and plunge it into the bottle : the 
flame goes out immediately, because 
If I had the proper apparatus here, I 
could show you that what has taken the place of the oxygen 
is simply carbonic acid. 

So, the seed in the course of germination consumes oxygen 
and produces carbonic axdd; its respiroMon is similar to that 
of an animal. 

But carbonic acid is produced by combustion of carbon 
in oxygen. Where does the seed find the carbon it thus 
burns ? 




has been absorbed by 
the seed that ha^ germi- 
nated. 



there is no oxygen. 



What more is needed ? What else is wanted to enable our bean to sprout ? Does it 
take from the air oxygen or nitrogen ? In short, what does a plant do in germination ? 
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67. Consumption of Carbon during Oermination. — Ob- 
serve the cotyledons of this bean : tney are flabby, shriv- 
elled, and half empty, instead of being round and fleshy as 
before. It is they that have furnished the carbon. They 
contained starchy matters, rich in carbon, and these have 
disappeared to such an extent that the bean has become 
unfit for eating. 

68. Vegetation in the Dark and Vegetation in the 
Light. — This source of carbon cannot last a long time. 
Here is a bean (Fig. 71) that I planted about a fortnight 




FiQ. 71. — A bean that has germi- 
nated in the dark : it is yellow, and 
has lost in weight, having lived 
only on the carbon of the two coty- 
ledons. 



Fig. 72. — A bean that has germinates 
in the open air: it is green, Hs 
weight has increased; it has lived 
on the carbon that it took from the 
carbonic acid of the air. 



ago, at the same time as another I will soon show you. 
I planted it in pounded, moistened brick, but instead of 
leaving it exposed to the light I kept it in the dark. It has 
grown quite yellow, as you see ; it is, as we say, etiolated. 
See, its stalk is about twenty inches long. And were I to dry 
the entire plant, leaves, stem, and what remains of the bean 
itself, you would see that the whole weighs much less than a 



What has furnished the young plant with the carbon that has been burned in 
the oxygen of the air? What happens to a bean that grows in the dark ? What has 
been obwrved in the weight of a bean that has germinated in the,dark, compared 
with the weight of one that has not germinated at all ? 
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mere bean dried in the same fashion before having grown 
at all. The cotyledons are, in fact, quite dried up and ex- 
hausted. 

And now let us pass on to another phenomenon. Here is 
the bean (Fig. 72) I spoke about a few minutes ago, planted 
at the same time as the former, under similar conditions. 
Only this one has grown in fuXL sunlight; its stem is green ; 
its leaves are broad and healthy. 

Were we to dry it, it would weigh much more than a 
simple bean similarly dried. 

The shoot of the first bean, that grew in the dark, is yel- 
low, and the whole plant, bean, stem, and leaves, has decreased 
in weight; on the contrary, the shoot of the second, that grew 
in the light, is green, and its toeight has increased. 

69. Light causes Increase in Weight. — So light m/jJces 

the plant grow GREEN, and causes increase in weight. 
But where has the plant found material wherewith to aug-^ 
ment its weight in solid matter ? I, of course, leave aside the 
water it drinks. Has it found it in the soil or in the air ? 

The experiment was made in such a way as to prevent all 
possibility of the plant's taking any substance from the soil. 
The flower-pot in which it was planted contained only 
pounded brick ; had it contained pounded china or glass, the 
result would have been the same. The plant certainly found 
no nourishment whatever in the flower-pot ; it could, more- 
over, be very easily proved that the weight of the brick-dust 
has not at all diminished. 

Then of course the additional substance found in the plant 
must have been derived from the air ? 

Yes, it was. But what has the plant taken from the air ? 
Ah ! this is something most marvellous, and that long re- 
mained a mystery. The plant, in order to vegetate, absorbs 
carbonic acid, which is always to he found in the air, de- 
composes this carbonic acid, retains and utilizes the CARBON, 
and GIVES BACK THE OXYGEN. I will forthwith relate to 
you an experiment that proves this statement. 

What happens to a bean that grows in the open air? What may be obaerved on 
weighing it? Where has the plant found what was necessary to augment its weight 
in dry material ? What has it taken fh)m the air? 
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70. Absorption of the Carbonio Acid of Air. — In the 
course of the last century, an English chemist named Priest- 
ley placed two mice under a glass shade ; naturally, after a 
certain length of time they both died of asphyxia, having 
used up all the oxygen of the air under the shade, and of 
course emitted carbonic acid. Priestley then conceived the 
idea, for what reason I cannot tell, of putting under the 
same shade, into the very air which had proved fatal to the 
poor mice, a small plant ¥rith healthy green leaves. Strange 
to say, the plant not only did not die, but even appeared to 
prosper. Tnis result was certainly very interesting ; but the 
most astonishing part of the story is yet to come. Some 
days afterwards, Priestley removed the plant and put another 
mouse in its stead. Now this one lived where the others 
had died ; it died only in the ordinary lapse of time, — that is 
to say, after having consumed all the oxygen ; then of course 
it was asphyxiated like the others. This proves that the 
plant had purified and rendered respirahle the air that had 
been tainted and made impure by animals. 

Great was Priestley's astonishment ; and no wonder. So 
much the greater was it in those days, when but little was 
known of the composition of air, or of either carbonic acid 
or oxygen. All this must have appeared very strange at 
that time. 

At the present day it is quite plain, thanks to chemistry. It 
is known, as I have told you, that plants absorb carbonic add, 
and decompose it in order to live upon the carbon, which they 
retain, whUe they refect the oxygen. We are thus enabled to 
explain Priestley's experiment with perfect ease and precision. 
The mice had consumed all the oxygen of the air under the 
shade, they also tainted this air with carbonic acid, the prod- 
uct of their respiratory oxidation : an animal could no longer 
live therein. The plant absorbed the carbonic cuyid, retained 
the carbon, and restored the oxygen ; so that the air became 
once more fit for breathing. 

71. Aotion of li^ht on the Green Parts of Plants. — 

Upon close examination it was seen that two conditions were 
requisite before the plant could accomplish this process. 
1st. That the plant be green, for only the green parts 
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are capable of thus decomposing carbonic acid; 2d. That 
the plant shmM he exposed to sunshine, or at least to sun- 
light. Under these conditions the rapidity of the decom- 
position corresponds to the intensity of the light ; it ceases 
completely in darkness. 

72. Experiment. — I undertook to prove to you all I have 
just stated, so we will now proceed to make a simple experi- 
ment. Here is a large vessel of 
clear white glass (Fig. 73). I 
filled it at the hydrant, and 
brought it here a few hours ago, 
so that the water might not be too 
cold. One of you go to the old 

Fio. 73.-under the influence of watcr-cask at the bottom of the 
light the green ctmferva have garden and bring me some of those 

decomposed the carbonic acid P n^ . -i' -t 

of the water, taken up the loug grccu nlaments wnicii grow on 
carbon, and set at liberty the '^^ edgcs, and which I may tell you 

are called confervse. That is right. 
See, I hang them on the edge of the vessel, allowing them to 
'float in the water. 

We are in the shade here ; let us carry our precious dish 
into fall sunshine and wait a little. See now how many little 
bubbles of gas appear on the green wavy threads. If we 
shake the vessel gently they will get loose and rise to the 
surface. This gas is pure oxygen^ which the green plant, 
under the influence of light, ha^ formed hy decomposing the 
carbonic add thai exists in the water ; for carbonic acid is to 
be found in water as well as in air. 

Now, we will carefully shake the confervas, so as to detach 
all the bubbles, then we will cover the glass vessel with this 
thick box so as to put the whole thing in complete darkness. 
In a few hours we will lift it off again, and we shall see thai 
no new bubbles of oxygen vyiU have been formed, because the 
plant will have remained in the dark. 

Had I had time to go to the river-side to fetch you an 
aquatic plant called Potamogeton, you would have seen the 

What conditiens are necessary to enable a plant to decompose the carbonic acid 
of the air and to restore the oxygen ? 
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Bune phenomenon, but in mach greater intensity. Under 
the influence of light, this plant discharges oxygen with such 
rapidity that with a funnel I should have been able to gather 
a sufficient quantity of it to fill a tube (Fig. 74), and we 
might have relighted a match with 
the gas as we did in our chemistry 
lesson. We may do eo at some 
future day. 

Thus Itco conditwat are neeei- 
»ary for the purijicalion of air by 
plant life, obeen substance and 

LIOHT. 

73. Parts of Plants that an 
not Oieen. — But, you may in- 

auire, what happens to the plants 
lat are not green, and what hap- 
pens when there is no light, dur- 
ing the night, for instance, to 
plants that are green ? 

That can be eawly explained. _.,,_, , j, , 

I:'lanta that are not green, such as oirgen in ■bundioce. 

muihroom*, or the parts that are 

NOT OREEN in ordinary plants, — vis., ^e fhwen, fruit, roots, 
etc,, — behave toward the air exactly the same as animals: 
they bum — or, if you. like it better, they eontume — the oxygen 
of air, and they give out carbonic iicid, and that whether 
they be in light or in darkness. 

As for the qreen parts, t?iey remain inactive during dark- 

74. Becapitnlation. — After all I have been telling you, I 
should like some one to prove that he has properly under- 
stood me. Could you do so? How does a green plant act 
in the daytime? — " It purifies the air, it takes in the carbon 
of carbonic acid and rejects the oxygen." — Well, can you 
tell me what particular parta of the plant are at work in this 
operation? — " Its green leavea, and the green parts generally." 

WhuC, u reitnrda th« air, l> (he Iwluvfcir of planU Ihit ire not gnrti, mtU u 
tnovbroomB. or i>r th« p&rts tbat Hre Jwt greeu In ordloio pliuita? What do lh« 
^nsD paru do durihg Ihu nlKht? 
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— Exactly so ; now the roots and bulk of the stem, how are 
they engaged whilst the green parts are at work ? — " I think 
they act as animals do : they absorb the oxygen and exhale 
carbonic acidy — That is quite right. 

Thus, at the same time, in the same plant, two opposite 
phenomena take place : production of carbonic acid by the 
parts that are not green, and consumption of carbonic acid 
by those that are green. Only, the latter activity being 
very much more powerful than the former, the plant not only 
does not increase the proportion of carbonic acid in the air, 
but consumes what it finds there. 

75. The Beal Natnre of the Absorption of Carbonic 
Acid. — The expression ** respiration of plants," as you will 
find it in many books, is, then, quite erroneous when applied 
to the decomposition of carbonic acid absorbed from air. 
True, those parts of the plants that are not green breathe 
like animals, but the decomposition of the carbonic acid by 
the green parts is quite the reverse of respiration^ and bears a 
much closer resemblance to digestion. 

The word digestion applied to plants seems to afford you 
some amusement : why so, pray ? — " Because plants have no 
stomachs." — If that is your only reason, it has but little 
value ; for there are members of the animal kingdom whose 
organization is so very simple that they are not even pro- 
vided with a digestive canal, yet they are able to digest the 
suitable substances that come in contact with their bodies ; 
all the surface of their body thus acting as a digestive organ. 
But tell me, why do people digest ? — " In order to nourish 
the body." — Well, then, when the plant decomposes carbonic 
acid, don't you think it nourishes itself upon the carbon it re- 
tains for its own use ? If you study the composition of the 
plant, you will find that carbon forms about the half of its 
substance. Well, it obtains this carbon from the carbonic 
acid of the air that surrounds it, and that dissolved in the 
water which bathes its roots and which it sucks up into its 
body. You see the word digestion is quite proper^ and comes 
nearer the truth than the word respiration. 

Why is the absorption of carbonic acid by the green parts of plants a digestlTe 
process? 
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And this is why the bean I showed jou a little while ago, 
that had breakfasted on sunlight, had prospered and grown 
heavier. It is for this reason and in this manner that all 
green plants aroand us grow (Fig. 76). All day long they 
are busy decomposing carbonic acid, 
in order to lay in provision of car- 
bon and add to their height and 
their weight Through the dark 
hours of night tbey take rest, and 
even use up a little of their store 
of carbon laid by in the daytime, 
and thus they exhale carbonio acid. 
You see all this is very simple in- 
deed. 

76. Winter. — I see you have a 
question to ask. — "Please, In win- 
ter, when the leaves have fallen off, 
what happens?" — That is a very 
good question. Well, in winter 

things go on in the same way as no. ts.— The greeo puts ds- 
during the night. The plant ™^™^n1£S°^b^«S5 
breathes, and consumes day and give up uie oxygen. 
night the carbon it had gathered in 

during its green time, in the long summer days. So at the 
end of winter the plant weighs less (in dry material, of 
course) than at the beginning. /( has lived on *{« ttore. 
If winter were to last forever the plants would all perish 
of hunger. 

HaA anybody anything else to ask? — "Please, of what use 
are the roots, since it is the leaves that nourish the plant? 
Why are they watered? Why are they manured?" — Oh! 
these are a good many questions at once. But be patient, 
they will all be answered. 

77. Part played by Boota. — Of what use are roots? In 
the first place, they support the plant, for it would he unable 
to stand against the wind without their aid. You can easily 
understand this, so I need say no more on the subject. 

WbmthanierulnwInUr.wlieiiUieleitnglHiTelkllsnt Qlre & proof of It Wlut 
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Why do we water plante? Let as try to reason a little. 
A plant is like a eponge full of water. If cut down, it 
rapidly dries up in the tur and sunshine. It would dry up 
in like manner while standing, did not ita roots plunge down 
into a soil more or less moist and anck up into its body the 
necessary supply of water. Hence when the soil is dry it 
requires t« be watered. 

Things go on in the following manner : the leaves that the 
sun threatens to dry up suck water from the branch on 
which they grow ; the branch draws up 
its share from the stem, and the stem from 
the root, which in its turn renews its pro- 
vi^on from the soil. 

The moisture is then sucked up by 
the evaporation of the leaves ; it rises 
through very fine tubes or vessels con- 
tained in the wood. 

Thus you see that plants should not be 
watered at random. It is necessary to 
''mJw~tb8*'^'.IX consider the degree of heat, the state of 
andiJitheiDit^ihBt the air or of ^e wiud, the area of the 
M rewn I « pjgjij eaposed to evaporation, and also its 
mode of living, for while some plants re- 
quire great quantities of water, others need but little. These 
last generally have thick fleshy leaves that enable them to 
hold a certain quantity of water in reserve, or else they are 
provided with roota that penetrate deep into the soil and reach 
places that are always damp. 

78. Absorptioii of Katritive Hatter in the 8oiL — The 
water that the roote thus obtain from the soil is not pure 
distilled water : it has dissolved all that could be dissolved in 
the earth through which it has filtered, and the roots absorb 
these substances along with the water they suck up. 

This is most important, for vegetable matter conteins not 
only carbon, hydrogen, and oxygen (the constituents of 
water) and water, but also nitTogea, although in less quantity 

Wh>t ottaeraenJcu do nwts render to plants! Dearrlbe vhit takea place. Show 
liow the wilier rises from Ihe rooU lo »U JMIte of the tree. Is puro HRler drswn np 
by theroour Wbsl ol» It tbece In Tsgecable nutter bcBldea water and aibant 
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than is found in the bodies of animals. It also contains 
pho^horu^, potash, lime, salts, silica, iron, etc. 

All these the plants find in the water which their leaves 
inhale and their roots absorb. 

79. Necessity of Mannre. — You can easily believe that, 
by continually aissolving th6 different substanees of which I 
have been speaking, water at length impoverishes the soil, so 
that the necessary food of the plant is no more to be found 
therein. In nature things go on quite smoothly all alone. 
When a plant has grown, and when by its roots it has ab- 
sorbed all the nourishment its soil could afford, it dies, falls, 
rots on the place it had exhausted, and returns to the ground 
the matter it had absorbed. But when a plant grows in cul- 
tivated land, things are altogether different : we cut tlown the 
plant and carri/ it away ; thus it happens with cereals, with 
fodder ; we cut them for use, instead of allowing them to fall 
down and die like wild plants. And the poor earth, who 
will repay it for all it has given to the corn, to the hay? 
Naturally* it becomes exhausted, and, after bearing two or 
three crops of corn, has nothing more to give to feed com, 
which refuses to grow there : what has been taken away must 
then be given back, in some shape or other. 

This is why manure is indispensable. All plants have 
need of nitrogen: so farm-yard manure, which contains a 
great deal of it, is useful to all of them. But it is a very 
remarkable fact that all plants do not absorb exactly similar 
substances; naturally, it is necessary to give back to the 
soil precisely the substance the plant has absorbed. Thus, 
the grape-vine contains considerable potash ; therefore wood 
ash is excellent manure for vineyards, because it is rich in 
potash. Wheat contains phosphorus ; hence phosphates, or 
crushed bones, will greatly facilitate its vegetation. All this 
is plain enough and easy to understand as a principle. 

But I must add something further. I said a minute ago, 
" When a plant has grown, it dies, rots on the place it occu- 
pied, and gives back to the earth what it took from it." This 

By what agency is aU this furnished? Why does farm-yard manure suit all 
plants? How ought the grape-vine to be nourished ? What is the nourishment that 
suits wheat? 

24 
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is quite true, but it is not the whole truth. The plant yields 
to the earth not only what it took from the soil, but also 
what it took from the air ; that is to say, all its carbon, and 
also its nitrogen, which is extracted from the air by a very 
curious and intricate process. You can thus understand how 
it is that exhcmsted land left to rest, as people used to term it, 
becomes fertile again, by the sole action of the weeds that 
spring up upon it. The land is as it were manured by 
nature. Practically speaking, however, it is generally more 
profitable to put manure on the land, so as to enable it to be 
continuously yielding produce. 

80. Plants produce what Animals consume. — ^You now 

have a pretty accurate idea as to how plants live, and you 
can understand why their existence is indispensable to ani- 
mals. Plants, by the action of light on their green sub- 
stance, take in carbon from the air ; by means of their roots 
they take the hydrogen and oxygen from the water they find 
in the soil, nitrogen from the nitrogenous mineral compounds, 
and with all these thetf make the organic matter thht is neces- 
sary for the life of animals, such as the starchy matter, sugar, 
oil, and the nitrogenous constituent of the grain (gluten). 
The animal hy itself cannot make anything with which to 
support life; it is capable only of constantly transforming, of 
consuming, and of restoring to the state of water, carbonic acid, 
and nitrogenous mineral compounds, the organic matter which 
the plant had produced with these very same substances. 

Thus the animal eats the plant (herbivorous), or else it 
eats the animal that has already fed on plants (carnivorous) : 
be this as it may, the animal lives on the plant. 

Again, when the animal dies, the plant finds food in its 
dead body ; and even during the life of the beast, the plant 
feeds on the carbonic acid rejected in animal rei^iration as 
well as on the waste products of animal alimentation. Thus 
the animal feeds on the plant, and the plant on the animal, 
with the help of sunshine and air. 

81. Sunlight indispensable to Life. — The first indispen- 

What do plants do with all they absorb? Can an animal make anything to rap- 
port life ? On vrhat does an animal live ? What serrices does the animal render the 
l)lant? How may these mutual services be expressed? 
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Bable requisite t« life is the 8UN. Were tlie san to be extJD- 
guished, the green parts of the plant could do longer fulfil 
their functiona ; they would even disappear, as is the case 
when a plant grows in darkness. Hence there would be no 
formation of new vegetable matter; the store of food for ani- 
mals would soon be exhausted, and thej would die. So it 
may be trulj said that all life depends on the sun ; for were 
its heat or its light to fail, nothing living could exist on the 
face of the earth. 

82. Sabjeota of Stady neoesBarily left uide. — I have 
now told you all that the limits of this course of lessons upon 
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vegetable physiology will admit. Many more very interest- 
ing problems Btill remain to be studied. You have not yet 
learned about the substances formed by green leaves ; how the 
sugar contained in the leaves — in the grape-vine or in the 
wheat-stalk, for instance--quits these organs and goes to form 
the sugar of the grape or the starchy matter of the grain of 
wheat; how it is that during the first part of its existence 

What woDld bscoow of pluU utd at Ufa Esunll; U tht lun wan eitlngniihedt 
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the beet stores up in its root the sugar it will require during 
the second, when it will bear flowers and seeds ; how the dif- 
ferent juices circulate through plants, and what the 8(xp really 
is ; all about the bud, and how it can live when separated from 
the plant that bore it, and can be transplanted by grafting or 
by dips ; how the pollen and the ovule come in contact with 
each other, as is necessary for the formation of the seed; 
how some plants have one appearance in the daytime and 
another after nightfall, either as regards their leaves, as with 
the acacia, or their flowers, as with the field daisy ; how some 
plants %Uep ; how others have parts that seem to have feeling, 
and move when touched, as the sensitive plant (Fig. TT), or 
the stamina of certain flowers. 

You see much remains to be learned. But the great thing 
is to understand perfectly how plants produce organic matter, 
and I hope you all understand that now. 

SUMMARY.— VEGETABLE PHYSIOLOGY. 

1. Oermination (p. 71). — Moisture is required for germination. 

2. A certain degree of heat is likewise necessary. 

8. It is also indispensable that the seed have access to the air. 

4. The part of the air necessary for the growth of the plant is oxygen. 
This the plant absorbs, breathes, and bums, giving back carhonic acid just 
as an animal would do. 

6. To be thus able to burn or consume oxygen, carbon is necessary; this 
the young plant finds in its cotyledons. 

6. If the seed germinates in the dark, the germination will take place 
exclusively at the expense of the carbon contained in the cotyledons; the 
plant will grow up yellow, and if weighed after drying will be found to be 
lighter than a mere seed similarly dried without having sprouted. 

7. Thus in the dark the plant springs up yellow, and its weight dimiuv 
ishes. 

8. If, on the contrary, the plant is grown in daylight, its shoot will be 
green ; when dried it will be found to weigh more than a seed dried with- 
out having germinated. 

9. When the plant has exhausted the carbon contained in its cotyledons, 
or even before this is quite exhausted, it will absorb and decompose the 
carbonic acid contained in the air, retaining the carbon and giving back 
the oxygen. 

10. The Action of Light on the Oreen Farts of Plants (p. 75).-— 
Plants purify the air : in order to accomplish this purification the following 
two conditions are indispensable : 1. The plant must be green, as the green 
parts alone decompose carbonic acid; 2. The plant must be exposed to 
sunlight. 

11. In the dark, the decomposition of carbonic acid ceases completely. 
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18. Farts of Plants that are not Ghreen (p. 77).— The parts of plants 
that are not green, such as the flowers, fruits, roots, act, as regards the air, 
just as animals do : they consume oxygen and exhale carbonic acid, 

18. Digestion of Plants (p. 78). — ^Those parts of plants that are not 
olad in green breathe like animals ; but the decomposition of carbonic acid 
by the green parts is rather a digestive than a respiratory act. 

14. The plant feeds on the carbon it retains, just as animals feed on the 
carbon they find in their food. 

15. In winter, when the plants have lost their leaves, and consequently 
have no green parts, they live on the store of carbon laid in during the 
summer. 

16. Part played by the Boots (p. 79). — The roots, in the first place, 
sustain the plant, and keep it from oeing overturned; but this is not the 
only part they play. 

17. The water of the soil, sucked up to replace the water evaporated by 
the leaves, contains several substances : nitrates, phosphorus, potash, lime, 
silica, iron. These substances are absorbed by the plant. 

18. Use of Manure (p. 81). — After a certain length of time, however, 
all these substances are exhausted by the plants ; it is in order to replenish 
the earth with them that manure is necessary. 

19. Plants prodnee what Animals oonsnme (p. 82).— With the help 
of their green substance and light plants extract from the air its carbon, 
from the soil the hydrogen and oxygen of water, nitrogen from the ni- 
trogenous mineral compounds, and with all these substances they make 
the organic matter necessary for animal life : starchy matter, sugar, oil, 
gluten. 

20. An animal is incapable of producing anything to support life ; it can 
but restore to the state of water, carbonic acid, or nitrogenous mineral 
compounds the organic matter which the plant had produced with these 
very substances. 

81. Sunlight is indispensable to all this. 

SUBJECTS FOR COMPOSITION. 

1st Composition (p. 71). — How does a plant obtain its carbon during 
the process of germination ? Difference between a bean that has sprung 
up and grown in the dark and a bean that has sprung up and grown in 
the light. How does a plant breathe during the process of vegetation ? 

3d Composition (p. 75). — Experiment of Priestley proving the absorp- 
tion of the carbonic acid of air by green plants. Experiments of like de- 
scription with con/ervKf etc. 

8a Composition (p. 76).— The action of the green parts of plants. How 
do these green parts act during the night ? How do the leafless trees live 
throughout winter ? 

4th Composition (p. 78). — Why are we justified in saying that the ab- 
sorption by plants of the carbonic acid of air is a digestion rather than a 
respiration ? 

0th Composition (pp. 79 and 81). — ^The function of roots. Necessity of 
manure. 
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Abdomen, the cayity of the body con- 
taining the liver, stomach, and intes- 
tines. 

Aerial, living in air. 

AggreMive, attacking without having 
been provoked. 

Air-pump, a pump by which air may be 
removed from any vessel. 

Algeria, a French colony in the north 
of Africa. 

Aliment, food. 

Alloy, a combination of metals by 
melting them together. 

Alpine, of the. Alps. 

Alps, a chain of mountains that sepa- 
rates France fh)m Switzerland and Italy. 

Altitude, the height of a place above 
the level of the sea. 

Alveoli, the sockets of the teeth (sin- 
gular, aJveohu). 

Amphibia, animals that live some- 
times In water, sometimes in air. 

Anatomist, one who studies the or- 
ganism of the body, whether it be the 
human body or that of any animal. 

Annuals, plants that live only one 
year. 

Annnlates, animals whose bodies are 
composed of a series of ring-shaped di- 
visions. 

Aquatic, living in water. 

Arable, capable of being cultivated : — 
applied to soil. 

Artery, a blood-vessel carrying blood 
from the heart. 

Articulation, a Joint 

Artificial, produced by art, or man's 
industry : — the contrary of what has been 
produced direclly by nature. 

Asia Xinor, a name given by the an- 
cients to that part of Asia which lies to 
the south of the Black Sea, and which is 
aJso called Turkey in Asia. 

Asphyxia, suffocation, smothering. 

Atmosphere, air. 

Auditory, concerning the sense of 
bearing. 

Awiiu^ the armpit; also the point at 



which a leaf or the stalk of a leaf Joins 
the stem. 

Baltic, a sea in the north of Europe. 
It lies between Russia and Sweden, and 
to the north of Germany. 

Barometer, an instrument for measur- 
ing the pressure of the atmosphere. 

Bed (of a river), the hollow or channel 
in which a river runs. 

Beer, the product of the fermentation 
of steeped barley and hope. 

Biennials, plants that live during only 
two years. 

Bimana, two-handed animal, man. 

Bomb-shell, a hollow ball of metal, 
filled with powder, and fired from a short 
cannon called a mortar. 

Borneo, an island of Oceanlca. 

Botanist, one who studies plants. 

Botany, the description and classifica- 
tion of plants. 

Bow, the instrument used to sound a 
fiddle. 

Brass, an alloy of copper and tin. 

Bronohia, small tubes of the lungs. 

Burrow, to hollow out 

Caloareous, chalky. 

Caleination, the act of reducing to 
powder by heat. 

Calcine, to reduce to powder by heat. 

Oalyz, all the sepals or green leaves at 
the lower part of a flower taken together. 

Garapaoe, a sort of shell which pro- 
tects and encloses the bodies of tortoises 
and some reptiles, etc. 

Carnivorous, feeding upon flesh. 

Carpus, the wrist-bone. 

Cartilage, gristle, unhardened bone. 

Cavity, a hollow. 

Century, a period of a hundred years. 

Cereals, a name g^ven to a family of 
plants, such as wheat, barley, and oats, 
whose seeds, ground into flour, are fooa 
for mankind. 

Chio, an island in the Mediterranean, 
situated to the southwest of Asia Minor. 
Chio was partly destroyed in 18S1 by an 
earthquake. 
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OirenmfereBoe, the line that hounds 
the space of a circle. 

OlaYiele, the collar-bone. 

Coagulation, the thickening or hard- 
ening of a liquid. 

ColoBT, properly, a group of persons 
settled down in a foreign country. The 
term is applied in natural history to ani- 
mals that Uyo in groups. 

Combustion, the union of a substance 
with the oxygen of the air. 

Compressed, pressed together so as to 
occupy less space. 

Coneave, hollow, like the inner sur- 
face of a round body. A concave lens is 
a piece of glass slightly hollow on both 
sides. ^ 

Conical, shaped like a cone. A sugar- 
loaf is conical. 

CoBTOz, rising into a rounded form. A 
convex lens is a piece of glass slightly 
swelling out on both sides towards the 
centre. 

Cornea, the clear part ttt the front of 
the eye. 

Corolla, all the colored leaves of a 
flower taken together. 

Co^ledons, the seed-leaves surround- 
ing the germ of a plant. 

Crustacean, an aquatic annulate, such 
as the lobster. 

CuTier, a celebrated French naturalist 
(1769-1832), the creator of palaeontology, 
or the science which treats of beings that 
have disappeared from the earth. 

Deglutition, swallowing. 

Denmark, a country in the north of 
Europe. 

Derm, the inner layer of the skin. 

Deviate, to turn aside from a straight 
line. 

Diameter, a straight line passing 
through the centre of a circle and termi* 
nated at both ends by the circumference. 

Diaphragm, the membrane which sep- 
arates the thorax, containing the lieart 
and lungs, from the abdomen, containing 
the liver, stomach, and intestines. 

Distil, to evaporate and subsequently 
condense a liquid. 

Domesticate, to make familiar ; to tame 
wild animals so as to render them ser- 
viceable to mankind. 

Ebullition, the changing , of a liquid to 
a gas, with escape of bubbles of vapor all 
through the liquid. 

Eifenresoenoe, a sort of boiling up 
caused by the escape of gas fh>m a 
liquid. 

Elasticity, the property.of returning 
to a previous form, the cause of the al- 
teration being withdrawn. 



Emission, the act of giving out or 
throwing forth. 

Epidorm, the outer layer of the skin. 

ETaporatioB, the change of a liquid to 
a gas quietly and without escape of bab- 
bles. 

Expand, to enlarge in bulk ; to spread 
out. 

Expansion, increase of size. 

Farinaooous, starchy. 

Femur, the bone of the thigh. 

Fermentation, a decomposition which 
takes place under the combined influence 
of warmth, air, and moisture, the ele- 
ments of the substances acted on after- 
wards reuniting into a new combination. 

Fifth (in music), a musical interval of 
flve notes following one another, the two 
extremes being included. 

Fleshy, well furnished with flesh. The 
term is used in speech about fruit as well 
as about real flesh. Pears, peaches, etc., 
are said to be fleshy. 

Flexor, a muscle that draws bones to- 
gether or bends a Joint. 

Fontaineblean, a town in the centre 
of France. 

Fossils, the remains of ancient ani- 
mals embedded in rocks. 

Friable, easily reduced to powder. 
CUcined substances are friable. 

Fruetifloation, the act of bearing fruit 

Fruotify, to bear fruit 

Gaboon, a French colonial establish- 
ment on the west coast of Africa. 

Gallery, a passage or corridor:— often 
applied to passages in mines. 

Cherm, that part of the seed which pro- 
duces the new plant 

Ctermination, the act of sprouting. A 
seed that germinates is a seed that begins 
to shoot forth, to grow. 

Glass (magnifying), an instrument em- 
ployed to make things appear larger and 
allow people to study minute okjects. 

Greenland, a Diinish possession in 
North America, to a great extent cov- 
ered with ice-flelds. 

Guinea, a country on the west coast of 
Africa. 

Gum arable, a vegetable Juice, which 
oozes out of some trees and becomes solid 
by contact with the air. 

Gustatory, concerning the sense of 
taste. 

Hemispheres, half spheres. A sphere 
Is a round globe-shaped body. People 
speak of the terrestrial hemispheres, the 
world being considered as a globe di- 
vided into two equal iwrts. 

Herbivorous, feeding upon plants 
alone:— applied to grazing animals. 
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Hibenuktiai, the itete of animals that 
sleep throughout wioter. 

Horizontal, parallel to the horizon. 
The surface of still water is horisontal. 

Hot-house, a house with glass roof, ar> 
tificially heated, and arranged for grow- 
ing plants that require more than ordi- 
nary heat. 

Humerus, the bone of the upper arm. 

Immemorial, beyond memory ; so far 
back that no recollection has remained. 

Ittftisoria, minute animals that live 
in stagnant water. 

Inseet, a six-legged annulate. 

InseotiToroas, feeding on insects. 

Internal, inward; interior:— opposed 
to outwardt or external. 

Intestine, the gut. 

luTartebrates, animals that have no 
▼ertebral column, or bones properly so 
called. 

Iris, the colored ring which surrounds 
the black spot in the eye. The iris is a 
muscle. 

Keel, the lowest timber of a ship, ex- 
tending firom end to end all along the 
bottom of the vessel. 

Kneaded, wrought and pressed into a 
uniform mass. 

Lanr«, insects in their ** masked" or 
first state of existence (singular, larva). 

Larynx, the upper part of the wind- 
pipe, called also the throat, and con- 
tributing to the formation of the voice; 
Adam's apple. 

Lava, melted stone thrown flrom vol- 
canoes. 

Ligaments, bands that hold bones to- 
gether at the joints. 

Limestone, a calcareous stone much 
used for building. 

Linnsus, a celebrated Swedish natural- 
ist (1707-in8), author of the classifica- 
tion of plants. 

Liquefied, rendered liquid. 

Loadstone, an ore of iron which has 
the power of attracting iron. It is also 
called naimral vtagnet. 

Luminous, giving light. 

Madagascar, a large island in the In- 
dian Ocean, to the east of AfHca. 

Hammalia. animals that feed their 
ofbpring with milk (from momtiMi, the 
Imnn word for breast). 

Hanure, substance added to the soil to 
Increase its fertility. 

Harine, concerning the sea ; living in, 
or close to, the sea. 

Kartinique, one of the West India 
Islands. 

Xastieate, to chew. 

■astieatioB, the act of chewing. 



Membrane, a film; a sort of out« 
spread skin. 

Mercury, a metal :— called also auitA- 
riher. The only metal that remains uquld 
at ordinary temperatures. 

Metacarpus, the bones of the hand, not 
including tne fingers. 

Metatarsus, the bones of the foot, not 
including the heel or the toes. 

Mxorosoope, an optical instrument of 
much more complicated construction 
than the magnify ing-glaas, and of greater 
minifying power. 

Milan, a city of Italy. 

Mine, a pit or excavation in the earth, 
from which ores or other minerals, such 
as coal, etc., are obtained by digging. 

Molar, a double tooth or grinder. 

Mollnaks, animals whose bodies are 
soft and pulpy. 

Mortal, capable of causing death. 

Moulded, shaped or fashioned in a 
mould. The mould is an object hol- 
lowed out so as to give a certain shape 
to whatever is run or kneaded into it. 

Moyable, capable of being moved. 

Musele, the fleshy substance that by 
contracting moves the bones on their 
Joints. 

Vaples, ono of the principed cities of 
Italy. 

Vaturalist, one who studies, or is 
versed in, natural history. 

Kewfoundland, a large island in the 
Atlantic Ocean, to the northeast of North 
America. 

Vew Zealand, an island of Ooeanica. 

Vitn^rcnous, containing nitrogen. 

Voctumal, of the night. Nocturnal 
birds are birds that fly abroad during the 
night only. 

Octave, a musical Interval of eight con- 
secutive notes. 

CSsophagus, the gullet, or tube leading 
firom tne mouth to the stomach. 

OU, a name g^ven to all greanr sub- 
stances which retain their liquid state 
at oidinary temperatures. 

Olfactory, concerning the sense of 
smell. 

OmniTorous, living on both vegetables 
and flesh. 

Opaque, not transparent ; not capable 
of being seen through. 

Ovary, the seed-vessel of a flower. 

OtuIss, the germs of seeds. 

Pelvis, the hip-bones supporting the 
internal organs. 

Perennisls, plants that remain in life 
for several years. 

Petals, the colored leaves of a flower. 

Petiole, the stalk of a leaf! 
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Fhalftikf ei, the boned of the fingen 
andtoee. 

Phytioloffiit, one who studies the 
■eienoe that treats of the phenomena of 
life, — or the functions of the organs in 
animals or plants. 

Pilferinf , stealing. 

Pistil, the ovary and styles of a 
flower. 

Poland, a former European state, an- 
nexed to Russia. 

Pollen, the fine dust that grows on the 
stamens of fiowers and is necessary for 
the fruitfulness of the seed. 

Prey, spoil ; that which is, or may be, 
seized by yiolenoe, to be devoured. 

Priestley, a learned English chemist 
and ezperimentalbt (1733-1804). 

Protuberanoe, something that swells 
or bulges out. 

Pulse, the throbs caused by the motion 
of the blood in the arteries. These throbs 
are easily felt at the wrist or the temples, 
because in these places the arteries lie 
very near the skin. 

Pupil, the dark spot in the centre of 
the eye. 

Pntrefaetion, rottenness; the decom- 
position that takes place in all dead or- 
ganic bodies. 

Pyrenees, the chain of mountains that 
separates Vrance from Spain. 

Quadrumana, monkeys. 

Quadrupeds, fouivfooted animals. 

Badiates, animals having a central 
mouth, around which the body forms a 
staiHihaped figure. 

Badius, one of the two bones of the 
forearm. 

Beef, a chain of rocks lying afror under 
the surlace of the sea. 

Befleetion, a throwing back. 

Befraotion, a bending. 

Beptiles, cold-blooded, aerial verte- 
brates, whose bodies are covered with 
false scales. Tortoises, serpents, and 
lizards are reptiles. 

Bespiration, breathing. 

Betina, an enlargement of the nerve 
of sight which receives the images of 
objects thrown on it by the crystalline 
lens. 

Bhone, a river which rises in Switzer- 
land, runs through the lake of Geneva, 
and, continuing its course through 
France, falls into the Mediterranean Sea. 

Sacrum, the lower part of the back- 
bone. 

Saliva, spittle. 

Scale (musical), a series of harmonic 
sounds arranged in their natural order. 

Scapula, the shoulder-blade. 



Sepals, the green leaves that form the 
under part of a flower. 

Siberia, a country in the north of Asia,^ 

Silidous, sandy. 

Slip, a twig taken from a plant and 
intended to be planted, so as to take root 
and thus furnish a new plant. 

Sonorous, sounding. 

Spider, an eight-footed annulate. 

Spindle, a small instrument used for 
spinning. It is a piece of wood, rounded 
' like the bar of a chair, swelling out to- 
wards the middle, and tapering off" at each 
end. 

Spitsbergen, a group of islands In the 
Arctic Ocean, to the north of Lapland. 

Stamens, little rods in the centre of a 
flower, bearing a yellow dust. 

Starch, a substance extracted ftom 
many plants, particularly from wheat. 
Starch mixed with water is used to stiffen 
and dress linen. 

Sternum, the breast-bone. 

Structure, the mode of composition of 
a body; the disposition of its different 
parts in relation to one another. 

Styles, little projections from the 
ovary of a flower. 

Subjugated, conquered ; made subject 
to. 

Submerged, entirely covered by water. 

Sucker, an apparatus that acts upon 
the same principle as the small disk of 
steeped leather with which school-boys 
lift up stones. Some animals use these 
suckers in order to lay hold of their prey, 
or to adhere to anything. 

Superposition, the state of being super- 
poeeo, — that is, placed upon or above 
something else. 

Tamed, reduced from a wild to a do- 
mestic or mild state. 

Tarsus, the bones that constitute the 
heeL 

Tendons, the white elastic ends of mus- 
cles. 

Thermometer, an instrument used to 
ascertain the degree of heat of any body 
or that of the surrounding air. This is 
determined by means of the contraction 
and expansion of mercury or alcohol in 
an hermetically-sealed glass tube. 

Thorax, the chest. 

Tibia, the shin-bone. 

Tinder, a substance obtained fh>m a 
sort of mushroom, and subiected to a 
chemical process which renders it very 
easily kindled. 

Tinned, lined or overlaid ^th a coat- 
ing of tin. Mirrors are lined with a mix- 
ture of tin and mercury. 

TransTsrse, crosswise. 



